: 7 ; : > . ; of Azithromvcin 

V : v F»=LD OF THE MENTION . ^ 

5 ^•^^^^'> :v a contrplled-release dosage form of : 

^ a^ a process for 

^ -p dosage fprm, arid to a method of treating a microbial infection, 

v V f cbmp^ azithromycin in such a control|ed-reiease dosage 

: • ;. form to a mammial, including a human patient, In need of such treatment. 

^io'-.;:V'r:'- • '\ • - • ■■ . V:- ■ 'r: ■ 

y B RAnKft Roi iNih of the invemtion ■ 

; A^^ name) for 9a-aza-9armethyl-9- 

■ ■ d spectrum antimicrobial compound 

derived from erythromycin A. Azithromycin wa^ Independently discovered by 
15 ;3nght, UJS.^^P^^^^^ 4,474,768 and Kbbrehel et aL, U.S. Pat. No. 4,517,359. 
. ; ili^se patent^ disclose that azithromycin and certain derivatives thereof 
: rpbssess arrtimicrobiar prop and are accordingly useful as antibiotics, 
is widely known that oral dosing of azithrorhycin can resiilt in the 
occurrence, in so of adverse gastrointestinal (Gl) side effects, 

20' ; such as cramping, and vomiting. In combined clinical 
t studies of azithromycin involving 3,995 patients (all dose levels oombiried), 
; si;6^^^^ gastrbirtestinal side effecrts. The most frequent of 

: : -th6i^e side effects were diarrhea (3.6%), nausiea (2.6%), and abdominal pain 
:^ : ^2:5%y (rtdjakins. Am.' i (SUPP' 3A) (1991) 40S-45S). \ ; 

25 ' L; -The incidence of ga^roiritestirial side effebts Is higher at highisr doses 

; ifia^n Wio^ 5 day course of azithromycin 

: \thera{iy^^^^^ of $00 mg on day 1 followed by 250 mg on days 2, 3, 4^ and 
: " ;5 ;For this Cbursie of therapyi the reported iiicidence of various ; 

g^^ Effects Was 5% diarrhea/loose stools. 3% abdominal 

30 pain; arfd 3% naUs0a (Zithramax (trademark of Pfizer Inc.) ciapsule package 
NiV insert). Af^^ oral dosfe, the reported incidence of various 

!: Ijdis^ side ieffecrts was 7% diarrhea/loose stools, 5% nausea, and 

; ■ 5' 2% ybmitlhg (Zithromax capsule package insert). 

It is also khowh that azithromycin can Cause gastrointestinial sider 
•35 effects in non-humah^^m e.g. dogs. 
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An improved dosage form of azithromycin which permitted oral 
dosing of high doses of azithromycin (e.g.. 2 g) with relatively reduced side 
effects would permit wider application of single dose azithromycin therapy, 
and would accordingly provide a significant improvement in dosing 
5 compliance and convenience. Likewise, an improved dosage form which 
lowered the incidence of gastrointestinal side-effects at lower doses would 
also be of significant value. 

Summary of the Invention 
10 This invention provides a controlled release dosage form of 

azithromycin which decreases, relative to currently rnarketed instant release 
azithromycin capsule dosage forms which deliver an equivalent dose, the 
incidence and/or severity of gastrointestinal side effects. The dosage forni 
can operate by effecting the release of azithromycin at a rate sufficiently 
15 slow to ameliorate side effects. The dosage iom can also operate by 

releasing the bulk of the azithromycin contained therein in the portion of the 
Gl tract distal to the duodenum. Specific embodiments can be in the form of 
a sustained release oral dosage form or, alternatively, in the form of a 
delayed release oral dosage form, or, altematively, in the form of an orsil , 
20 dosage form which exhibits a combination of sustained release and delayed 
release characteristics. The term "controlled" is generic to "sustained* and . 
"delayed". Dosage forms whjch release more than 70% of their contained 
azithromycin within one half hour or less are not "cpritrolled release", iand 
form ho part of this invention. 
25 . In a specific aspect this invention provides a sustained release : 
dosage forni comprising azithromycin arid a phamiaceutically acceptable 
canier which, following ingestion by a mammal in need of such treatment, 
releases azithromydn to said mammal's gastrointestinal tract at a rate such 
that the total amount of azithromycin released therein is: ' - .': 

30 not more than about 4 rng of azithromycin per kg of mammal weight in the 
first 15 minutes after ingestion, . 

not more than about 1 0 mg of azithroniydn per kg of mammal Weight in 
the first hour after ingestion, 

not more than about 20 mg of azithromycin per kg of rriammai weigHt |n 
35 the first 2 hours after ingestion, 

not more than ^out 30 mg of azithromydn per kg of mammial weiglit Iri 
the first 4 hours after ingestion, and 
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I M ^ mg of azithrpmycin per kg of mammal weight in - 

• r the firk 

: : : f fie above criteria are fiereiri referred to as tfie "welgtit criteria". 
^ ^ : In a furtfier specific iaspect, tfie invention provides an oral delayed 
5 :: reii^aise dosage form of azitliromycin. comprising aztthiromycih and a 

- piiarniaceiitically abcefrt^ carrier, wfiich releases not more than about 

: ; ; <• ^6% of its ihcorpbraled azithromycin in the stomach; and which releases no 
rtibrie than ah additional 10% during the first 1 5 minutes after the dosage 
foriri has ^ntiared the duodenum. Once haying entered the duodenum and 

10 mpveid distally through and beyond this intestinal segment for at least 15 
; mihuteirtiie rete at^ the dosage fonm releases azithrpmycin is not 

^ ^ c^ ail of the azithromycin therein is .released for 

^ ;a^^ 

: in a further specific asjsect, this invention provides a sustained 
15 release dosage form, comprising azithrornycin and a pharmaceiiticailiy 
. accep^ble cariier, which releases a total amount of azithromycin at the 
^"fojlbwjng rate by a mannimal: not more than about ^!00 mg 

azithromycin tptai in the first 15 minutes after ingestion, not more than about 
5^^^ total in the first hoiir after ingestion, not more than 

izp £U)but 1000 mg total in the first two hours after Ingestion, not more than 
: about 1 500 mg total iri the first four hours after ingeistion, and not more than 
:7: about 2000 nig total in the first six jiours after ingestion. The preceeding 
^: - criteria ^^s^^ as the "temporal criteria". Rates of azlthroniydn 

^ release lower tlian tiie rate just described are also within the scope of the : 
25 ■ invention and may produce even better side effect pirofiles, particulariy for 
; ipiiatients under i50|<g weight, e.g., children. Thus an azithrpnr^dn release ■ 
: . ■ rate of (each iamburit representing the total (i.e., cumulative) arhount 
; reieafibd), fpir exartiple, less than 200 mg in the first 15 minutes after 

irigestion, iess'thari 400 rng in the first hour aifter ingestion, less than 750 rng 
30 Mn the first two hours srfter ingestiori, less than 1250 mg in the first 4 hourc 
■ : after inge^b^^ aind less than 1500 nig in the first 6 houre after Ingestion 

^ within the scopie of the invention and mky be 

' aveh irnpre efficadbus for ameliorating side effects. Once six hours following 
^ ;' passed, the riate ait which the dosage form releases 

^3^ ; iazithrbmydri (fbr dcsage term bontained mpre than 2 g pf ; 

.: .v^^ is ript ciitical. The rate must, cfccurse.^fa^ 
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enough to provide therapeutic efficacy, that is/ a therapeutically sufficient 
amount of azithromycin should be delivered from the dosage form before the 
dosage form Is excreted with the feces. 

For example, FIGURE 1 displays hypothetical release profiles 3 and 4 
5 for a dosage fomi which is within the scope of the invention. The thick 
bolded stair-step profile 1 in fact defines the release profile of the temporal 
criteria. Profile 2 represents a hypothetical reliease profile outside the scope 
of the invention. 

It is noted that, although the temporal and weight criteria define a 
10 release profile extending for as long as 6 hours, a dosage form '^ccibrding to 
the invention can release substantially all of its azithromycin well before 6 
hours, so long as it othenvise fits within the defined rates. Dosage forms 
according to the invention which contain relatively low amounts oif 
_ azithromycin (e.g., less than lOOOmg) may well release substantially all their 

™ 15 azithromycin within a few hours. 

5 The term "ingestion" as used herein is essentially synonyrtious with 

"swallowing". 

The invention is particularly useful for administering relatively large 
amounts of azithromydn to a patient The anriount of azithromydn containied 
# 20 within the dosage form is preferably at least 1 gram, and can be as high as 

7 grams or more. The amount contained in the dosage form Is preferably 

m 1.5to 4 grams, most preferably 1.5 to 3 grams. The dosage form can be ^^^^v 

^ uhitary as in the case of a bolus, or di^dded e.g., constituted by two or more 

^ units (such as capsules or tablets) which are taken at or about the same 

Q •■ . ' 25 time. ■ ' ■ 

Azfthrpmycin can be employed in the dosage fomis of this invention ; 

in the fomi of its phamfiaceutically acceptable safts/and also in anhydrous ! 

as well as hydrated foniis. All such fomis are virithin the scopie o^ 

invention. The azithromycin employed is preferably the dihydrate, disclosed 

30 for example in published European Patent Application 0 298 650 A2; : 

Reference to "azithromydn" in tenfns of therapeutic aifnbunts or if) release 

rates In the claims is to active azithromycin, i.e., the non-salt, noh-hydrated 

madrolide molecule having a molecular weight of 749. 

The dosage foniis which constitute the subject matter of the inven^^ 

35 are, as mentioned, controlled release formulations. 
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7 ■ , I - In the case oif sustained release embodiments, the dosage form can : ' ■.:'[.. 

. •';;X'i;>e'in-the-.fcinTi of a tablet, a capsule, a multiparticulate form,, or a unit dose 

f^^ : . : C 

v;> v^^^^ The teirn isdbilet" is intended to emb tablets, coalibd 

V • := ;^ and other forms Known in the art, as 

\;J V;;^' •• - . .•. 

/ •^ vur^^ "Capsule" is intended to embraceCapsules in which the 

J body of thiB capsule disintegrates after ingestion to release particulate 
■;\}0: '{. vv ■ : c^ the deisired sustained-release behavior, and also 

''^'^ :C£^)sules for which the body of the capsule remains substantially Intact • 

/ ^- C is intended to embrace a dosage form 

'^^^^^^^^^^^^ of particles whose totality represents the intended 

The particles generally are of a 
p l5 ^^^^ with a prefen-ed range of 

w; ; V , : 1^ and other terms is morefuliy setout : 

/ below. Muitipiarticuiates represent a preferred embodiment for sustained- 

V : 2^^ the weight criteria previously set forth, by simply scaling the number of 
0 : :^ with the animal's weight. 

: U| ■ V ; In a fiirther aspect, this invention proyides a process for preparing 

ffl : ■ ^ ; r suist^uhed-rel^dse dbis^^^ forms of azithromydn, comprising the steps of 
0: -i^," ^ bulk dmg substance virith a binder, essentially ; 

y with a polymer coating 0^ 

■■1'-':f::-^-}0:-^^^^ controlled pi^rmeability to azithromycin, and thereafter furtl^er coating said ; 
:grahulatioh vy^^ aidditional polymer of controlled permeability to - 
; ; ;/ azithromycin until enough of the polymer has been applied to effect the 
/ ' : V iJesired su^ained nelease rate or profile. 

^ ■ V^ provides a method for treating a 

^- ' : a mammal in need of such 

■y. / , ; • t^ a liuman patient, a therapeutically effective amount of ;: 

: -. ■ i : ■ : azithromycin in a cpntrolied^r^lease oral dosage f oriri whiph releases the 
: V 3 :. :-^yb above. ■ ? 

: . : -3^^^ :inihe case of delayed release embodimerrts, the dosage fonii can be : . 
^ ; : : V ; in the form a tablet, capsule, multiparticulate, sUspehsioh, or sachet, 
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provided that the dosage form delivers the majority of its azithromycin to 
regions of the gastrointestinal tract distal to the duodenum. A variety of 
dosage form embodiments and/or structures may be used to achieve this 
goal, as hereinafter further described in detail. Multiparticulate/ bead, or 
5 other particle dosage forms may be multiply loaded into, a gelatin capsule/ or 
niay be compressed Into a tablet. 

it is an object of this invention to decrease the incidence and severity of 
azithromycin-induced Gl side effects. This is particularly Important at high 
doses, for example 2 g and up, at which the incidence of gastrointestinal 

10 side effects can be relatively high. This object is effected by minimizing 
exposure of the duodenum to azithromycin in at least a portion of 
azithromycin-dosed patients, thereby reducing the overall incidence and 
severity of azithromycin-induced gastrointestinal side effects. 

The Inventors conducted a series of studies in man in vyhich the : 

is inciderice and severity of gastrointestinal side effects were assessed after 
dosing azithromycin intravenously, orally, duodenally (via nasoenteric 
intubation), and ileally (via nasoenteric intubation), the studies : 
demonstrated that the incidence of gastrointestinal side effects is relatively 
. low after intravenous dosing, even at doses which are equivalent to a 5.4 g 

20 oral dose. Thus, while not wishing to be limited by or to any particular theory 
or mechanism, the gastrointestinal side effects of orally dosed azithromycin 
aippear to be mediated by local lnteractions between azithromydn and the 
intestinal wall. Furthermore, the nasoenteric intubation istudies • 
demonstrated that duodenal azithromydn dosing results in rnore severe 

25 gastrointestinal side effects than does ileal dosing. The inventors 

accordingly determined that dosing azithromycin In a manner which redubes 
exposure of the duodenum to high concentrations of the drug results In : 
decreased gastrointestinal side effects. 

Posing azithromycin orally in conventional non-controlled-release 

30 capsules results in relatively extensive exposure of drug to the duodenurri. 
Dosing of aathromydn in conventional enteric dosage forms which prevent 
significaht dissolution of the drug in the istomach can also expose the 
duodenum to a large proportion of the azithromydn dose. It is aqcprdingly a 
further object of this Invention to provide dosage forms which deliver .[ 

35 therapeutically useful doses of azithromycin, while reducing localized 



exjapsure of aizithlomydn throughout the Gi tract, especially at the 
dubdehum, thereby prpvicl^ gastrointestinal side effi^s. 

: ; ^ . It is noted that bontrblled-release dosage forms of various types are 
known and employed conventionally in the art to provide reduced dosing 
frequency for short haif-life compounds and to reduce fluctuations in plasmai 
: coricentrations, sometimes imparting an improved Safety/efficacy (brbfile, 
ii^Becausie elirninabon of azfthrortiydn frbm the human body is characterized - 
by a long half-life of aboiit 69 hours, however, it is surprising that a 
comrolled-reiekse (either sustained or delayed) dosage form would offer 
^any beriefit.;;:";!;. •■ .v-.v;"-;'' - •■■ , ■■■ > ■ .': ' 

• : B 

FIGURE l is a graphical illustration of a release profile as broadly . 
defined by the temporal driteria (profile 1), of several hypothetical 
azithromycin release profiles within the scope of the invention (profiles 3 
arid 4), and of a hyppthetical release profile outside the scope of the ; 
Inyehtioh (profile 2!). : 

DETAILED DISGUSSIQKI ■ . • ' 

> f^or the purpose of this application, various embodiments of 
"controlled release dosage forms of azithromyciri" have been described as 
"sustained release" embodiments or "delayed release" embodiments, for 
Pase of description. Without imeriding to be lirri'rting, sustained : 
dbsage forrns of azhhrprnydn are those which slowly release azithromycin, 
belayed release dosage forrhs of azithromycin are those which release little 
or no azithrbmycih for a predetermined time, then release azithrbniycin 
(guiddy or in a suistained fashion, it will be appredated by those skilled in 
the art that certain "sustained reieasiB" embodiments will also foil under the 
f gener^ nibric of "delayed release" embodiments, and vice versa For ; 
^exsuTiple, susts^^ release osmotic pump devices generally exhibit a "lag 
tirhe" after ingestion, during which time the osmotic pressure in the device is 
iinca'easing and duilrig which tirhe^^^^ Thus, an 

ai^thrbnfiydn psr^^ dbvice may be considered botii sustained 

release and a delayed release dey^^ Embodiments of the din^nt 
. .Inverition indude all cpntrblled release dosage fonns of azithromydn which' 
■■ nieet prie or both of the in vitro tests described herein (see "Examples" 



wo 95/30422 



8 



PCT/IB9S/00264 



section) for a "sustained release dosage form", or a "delayed release 
dosage form". 

Sustained Release 

5 The sustained-release dosage forms of this invention can be widely 

implemented. For purposes of discussion, not limitation, the many 
embodiments hereunder can be grouped into classes according to design 
and principle of operation. 

A first class includes matrix systems, in which azithromycin is 

10 embedded or dispensed in a matrix of another material that servi^s to retard ■ ■■ 
the release of azithroniycin into an aqueous environment (i.e., the lunienai 
fluid of the Gl tract). When azithromycin is dispersed in a matrix of this sort, 
release of the dmg takes place principally from the surface of the matrix. 
Thus the dnjg is released from the surface of a device which incorporates 

15 the matrix after it diffuses through the matrix or when the surface of the 

device erodes, exposing the drug. In some ennibodiments, both mechanisms 
can operate simultaneously. The matrix systems may be large, i.e., tablet 
sized (about 1 cm), or small (< 0.3cm). The system may be unitary (e.g. a 
bolus), may be divided (as previously discussed) by virtue of being 

20 composed of several sub-units (for example, several capsules Which 
constitute a single dose) which are administerd substantially 
simultaneously, or may comprise a plurality of particles, referred to herein as 
a multiparticulate. A multiparticulate can have numerous formulation v 
applications. For example, a multiparticulate may be used as a powder for 

25 filling a capsule shell, or used per se for mixing with food (e.g. ice crearn) to 
Increase palatability. 

The size of the matrix system can affect the rate of azithromycin : 
release, therefore, a large matrix system such as a tablet will, in geherai, 
. have a different composition from a small one such as a multiparticulaite.; 

30 The effect of the size of the matrix system on the kinetics of azithromycin 
release follows scaling behaxnor well known in the study of diffusion. By: way 
of illustration, the following table shows the diffusion coefficient of 
azithromycin required to achieve a characteristic time for release of 1 p hours 
for matrix systems of different sizes. 
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: : ■ yi f? rate (cm . 

; ' 0.0025 ($p)xm diameter) 
' ■ : 0:1; ~(2mm diamefter) 
5 0:5 (tern idlameiter) ; 



diffusion coflfficient temS/s^ 

. • 3 x10-7 . ■ . 
7x10-6 



m 



■ui::- 



10 



1.5; 



20 



25 



3d 



;35: 



magnitude as the desired s;ize of the deAnce ciianges. The high and low 



this invention. That is, materials which exhibit a diffusion cpiBffidient lower 
than about i Q-i ? are likely unsuitable for this invention as they are 
approaching, relatively speaking, being totally impermeable to azithromycin. 
Materials characterized by a diffusion cbeffident higher than about 7 x 1 0-6 
are likely also unsuitable as they are approaching, relatively speaking, 
beinjg dn inistant or fast^release device. Materials at the low end of the 
i diffusion cpeffident scale are polymers such as cellulose acetate. 
: i!>pnverseiy, materials at the upper end of the scale are materials such as 
hydnogeis. The r^^^ for any particular device can accordingly be 



^^^^^^^^ ' : the sariiei niahner but different wprds, in general, sustained release 
[ device^bf this invention should be Implemented to release the azithrdmycih 
contained therein oyer a period of up to 6 h, and possibly longer. The 
devjc^ can accordingly be engin^eired aocdi^^ to the equatlori RTs |>2/d 
whereirf rrr stands for the total release time of a contained dosage, r 
represent^ the radius of thie device, and D stands for the diffusion coeffideht 
of azhhrbmycin in the matrix ririaterial. The equation again illustrates that 
siiltable dbsa^gie fbrms can be engineered as a trade-off between the size of 
; the device and the diffusibh coefficient of the matrix rnaterial. If a spherical 
dpsiage forni is hot eniployed, then r will, of course, be replaced by other 
suitable diriiehsibn as known in thei.art, such as the half thickness of ^ cube, 
ishbrt axisf for an ellipsoid, and the like. 

Foi^ purposes of furthe^^ obtain a sustaihed-r^lease 

nriatrix in a pkrtidle of about SOmjh in diameter, a matrix material of a jaolymer 
siucti sis deliulose ac^ 

slovif diffusing matrix ^ bffset the tendency of the small 

partict0 :Slz4 to d^ By cprrtrast, in orderto obtsuri siistainiBd- 
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reieasfe in a tarige (e.g., 1cm) device, a material wliich is mostly liquid-like 
(e.g., a hydrogel, see below) will likely be required. For devices of an 
Intermediate size, e.g., about 1mm in diameter, a matrix material of ; - 
intermediate characteristics can be employed. 
5 It is also noted that the effective diffusion cpeffident of azithromycin in 

a dense material may be increased to the the desired vajue by the additibn 
Of plasticizers, pores, or pore-inducing additives, as known in the art. 
Slowly-hydrating materials may also be used to give the desired 
Intermediate diffusion rates. The multiplicity of variables affectihg release of 
10 azithromycin from matrix devices permits abundant flexibility in the design of 
devices of different materials, sizes, and release times. Examples of 
modifications of azithromycin release profiles from the specific embodiments 
of the examples within the ^pe of this invention are disclosed in detail ^ 
, -below." 

15 A preferred embodiment, a matrix multiparticulate, comprises a 

plurality of azithromycin-containing particles, each particle comprising a 
mixture of azithromycin with one or more excipients selected to form a matrix 
capable of limiting the dissolution rate of the azithromycin into an aqueous 
medium. The matrix materials useful for this embodiment are generally 

20 water-insojuble materials such as waxes, cellulose, or other wat^r-insoluble 
polymers. If needed, the matrix materials may optionally be formulated with 
water-soluble materials which can be used as binders or as pernieabiiily- 
modifying agents. Matrix materials useful for the manufacture of these 
dosage fonns include microcrystalline cellulose such as Avicel (registered ^ 

25 trademaric of FMC Corp., Philadelphia, PA), including grades of 

riiicrocrystaliine cellulose to which binders such as hydroxyprppyl methyl 
cellulose have been added, waxes such as paraffin, modified vegetable oils, 
camauba wax, hydrogenated castor oil. beeswax, and the like, as well as; 
synthetic polymers such as poly(vinyl chloride), poly(vinyl acetate), 

30 copolymers of vinyl acetate and ethylene, polysfyrehe, and the like. Water 
soluble binders or release modifying agents which can optionally bel ■■ ■.■ 
formulated into the matrix include water-soluble polymers such ias 
hydroxypropyl cellulose (HPC), hydroxyprbpyi methyl cellulose (HPMC). 
methyl cellulose, poly (N-vinyl-2-pyrrolidinone) (PVP), poly(ethylehe oxide) 

35 (PEO), poly(vinyl alcohol) (PVA), xanthan gum, cai-rageenan, and other such 
natural and synthetic materials. In addition, materials which function as 
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i ; ; rele^ dgehte include water-sbliible materials such as sugars or 

' /^^^^^^^ PrefefrjBd water-soluble materials include lactose^ sucrose, glucose. 
^ ; \,and mannitol, as^^ 

- ; / A pre^^ matrix multiparticulates is tlie 

,5 textiiusiori/spherbnizatibn For this process, the azithrornycin is wet- 

rnassed wnth a perforated plate or die, and 

/ piac^^^ The extrudate ideally breaks into pieces which 

': '-y.:i:;&re_ rounded into spheres, spheroids, or rounded rods on the rotating plate. 

;V: .A preferred process and compiosition for this method involyes using water to 
lb ; w6t-mass a blend c»hij5rising about 26 to 75% of micrb-crystalline cellulose 
^ : b 80 to 25% azithromydn. 

; A furthef pf^^^ process for manufacturing matrix multiparticulates 
1^^^ the preparation of wax granules. In this process, a desired amount of 
azithronlydrt is stiri-ed with liquid wax to form a homogeneous mixture, 
15 coolcid and then forbbd through a screen to fonn granules. Prefen'eid matrix 
; rniErterlals are^W preferred are hydrogenated 

? ^ castor oil ^ T 

: V A further preferred process foi- manufacturing matrix multiparticulates 
■ ; ihvb^^ using an organic solvent to aid mixing of the azithromycin with the 
20 /m can be used when it is desired to utilize a 

matrix materiarwith an unsuitably high hrieiting point that, if the material were 
emplbyed iri a hiditen state, would cause decomposition of the drug or of the 
: m^ material, br Would result in an unacceptable melt viscosity, thereby 
; p^^ mixing of azithromycin with the matrix material. Azithromydn and 
25 ' matrix materialm^y be combined with a modest amount of splvent to form a 

:: pdste, and then fbrced through a screen to form grahiileis frorn which the 
: ; ^ s^^ removed. Altematively, azithromycin and matrix material may 

be cbmbihed with enough solvent to cprnpletbly dissolve the matrix material 
: arid the resulting splutioh (which may contairi solid drug parficlesj spray 
30 dried to fdirm the particulate dosage form. This technique is preferred wheri 
: ; t^^ matrix material is a high mblecular weight Siynthetic pblymer such as a 
; v^^^^ ester. Solvents typically employed for the 

; Cpn^oess inclUde:^cetone, ethanol, isopropanol, ethyl acetate, arid mixtures 
--■■'■./.•of .. 

45^ v;: :-^^^ m.atrix multiparticulates nlay be blended 

; • iv^^ microcrystalline cellulose, 
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dicaldum phosphate, arid the like and the blend compressied 
tablet. Disintegi^s such as sodium starch glycolate or crpsslinked 
poly(vinyl pyrrolidone) are also usefully employed, tablets prepared by this 
method disintegrate when placed in an aqueous niediuni (such as the Gl 
5 tract), therieby exposing the multiparticulate niatrix which releiases 
azithromycin therefrom. : 

A further embodiment of a matrix system has the fonri of ia hydrophilic 
hnatrix tablet containing azithrornycin and an ariiount of hydrophilic polymer 
sufficient to provide a useful degree of control over the azithromycin^ ^ / . 
10 dissolution. Hydrophilic polymers useful for forming the matrix include . 
hydroxypiropylmethyl cellulose (HPMC)^ hydroxypropyl cellulose (HPC), pbly 
(ethylene oxide), poly(vinyl alcohol), xanthan gum, cartsomer, carrageenan, 
: and zooglan. A prefen'ed material is HPMC. Other similar hydrophilic 
^ polymers may also be employed. In use, the hydrdphilic material is swollen 

2 15 by, and eventually dissolves in, water. The azithromydn Is released both by 

IM diffusion from the matrix and by erosion of the rhatrix. The azithrortiydri V : 

^ dissolution rate of these hydrophilic matrix tablets may be controlled by the 

p amount and molecular weight of hydrophilic polymer employed. In general, 

'0. . using a grieater amount of the hydrophilic polymer decreases the dissolution 

20 rate, as does using a higher molecular weight polymer. Using a lower 
Q . ' molecular weight polymer increases the dissolution rate. The dissolutioh - 

rate may also be controlled by the use of water-soluble additives such as 
|| sugars, salts, or soluble polymers, Examples of theise additives are sugars 

'■■Q- such as lactose, sucrose, or manriitol, salts such as NaCI, KCI, NaHCOs, 

0 25 and water soluble polymers such as PNVP or PVP, low molecular v/eight 

HPC or HMPC or methyl cellulose. In general, ihcreasihg the fraction of 
soluble materlalln the formulation increases the release rate. A riiatrix 
tablet typically comprises about 20 to 90% by weight of azithromydn and 
about 80 to 10% by weight of polymer. 
30 ' A preferred matrix tablet comprises, by weight, atx)ut 50% to about ' 
80% azithromycin, about 15% to about 35% HPMC, 0% to about 35% 
lactose, 0% to about 15% PVP, 0%to about 20% micrbcrystainne oellulbse, 
and about 0.25% to about 2% magnesium stearate. 

The matrix systems as a class often exhibit non-constant release of 
35 the drug from the matrix. This result may be a consequence of the diffusive . 
mechanism of drug release, and nfiodifications to the georiietry of the 
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?d6^Qe1ortn pah b? iised to advantage to rriakie the release rate of the dri^ 
: ; more bonstant as detailed below. > 
^^^ ■11^ an azithromycin tniatrix tablet Is coated with 

:ari impermesdsle coadn orifice (for example, a circular hole or a 

V 5 r^claiigulkr openingy^ which the corttent of the tablet Is 
V . / v^^^ Gl tract. These embodimehts are along the lines of 
? ; ; p U.S. 4,792,448 40 Ranade, herein incorporated by , 
>;/.:;;,;yref6renbe.The bpiening is typically of a size such that the area of the 

V e^^^ azithromycin composition constitutes less than about 
id i^^^ surface ariea of the device, preferably less than about 15%. 

|n a pretended embodiment, an azithromycin matrix tablet is coated 
with an impermeable material on pari of its surtece, e.g. on one or both 
• . tablet to^^ radial surface. 

y y}rrapref$ned erribodiment, an azithrornycin matrix tablet is cbatecj 
; is [With an iiTipermeaible material and an opening for drug transport produced 
1^^ drilling a hole through the cosrtiriig. The hole may be through the coating 

. 0 

: 1^ further prBfened erribodiment, an azithromycin matrix tablet Is 
; : coated virith ah impermeable rhaterial and a passageway tor drug transport 
/ 20 produced by drililng a passageway through the entire tablet. 
■■ In a further p azithromycin rnatrixtabjet Is 

. : . coated wnth an Impermei^le material and one or more passagewaiys for 
jl^^^^^^:;^^^^^^^^^^^^^^^^^^^ d^^ 

^^^^^^ : . ; i^ by cutting qiie or more silts through the coating, ' 

25^^ p or land of the tablet 

^^^^^ :'M a preferred embodiniertt, an azithrornycin matrix tablet is shaped in 
; ; :; : t^ a cone and completely coated with an impermeable material. A 

; . passkgeway fbr d^^ is produced by cutting off the tip of the cone. 

v ;lh a further prefeired elmbodiment, an azithrpmycin matrix tablet is 
:;:3b^ s^ in thi9 form of a hemisphere and complete^ coated with ah 
y impermeablid niaterial. A passageway for drug transport is produced by 
' . d^^ 

; ; - 1^ prefenred embodirhent, ah azithrpmydn matrix tablet is 

\/^^ . - s^ completely coated with an y-: \ ■ 

35 ;.ii^^ nriateriki. A passagewaiy for drug transport is produced t)y 

; r a: slit through; (or removing a strip from) the imperirieable coating 
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. alohg the axis of the halfK^iinder along the centerjine of the flat face of the 
. half-cylinder. 

Those sidlled in the art will appreciate that the geometric ; 
modifications to the embodiments described above can be equivalently 
5 produced by more than one method. For example, cutting or drilling to; make 
a passageway for drug transport can be achieved by other operations such 
as by a technique which produces the desired partial coating directly. 
By "impermeable material" is meant a materiial having sufficient 
. thickness and impermeability to azithromycin such that no significant 
10 transport of azithromycin can take place through the material diiiring the time 
scale of the intended drug release (i.e., several hours to about a day). Such 
a coatmg can be obtained by selecting a coating material with a sufficiently 
low diffusion coefficient for azithromycin arid applying it sufficiently thickly. . 
Materials for forming the impermeable coating of these embodirtients 
15 include substantially all materials in which the diffusion coefficient of 
azithromycin is less than about 10'^ cm^/s. It is noted that the preceding 
. diffusion coefficient can be amply sufficient for a matrix device, as discussed 
above. In a device of the type now under discussion which has been 
provided with a macroscopic opening, however, a material with this diffusion 
20 coefficient (and almost any membrane material that is not a liquid) looks to ^ 
the contained azithromycin, by contrast, as though it is impermeable . 
because the majority of transport is through the opeifiing. Prefen-ed coating 
materials include film-forming polymers and waxes. Espedally preferred are 
thermoplastic pdlymers. such as poly(ethylene-co-vinyl acetate), poly(vinyl 
25 chloride), ethylcelliilose, and cellulose acetate. These materials exhibit the 
desired jow permeation rate of azithromycin when applied as coatings of ^ 
/ thickness greater than about 100 Jim. 

A further sustained release matrix system comprises azithromycin 
dispersed in a hydrogel matrix. This embodiment differs from the hydrophilic 
30 ; matrix tablet discussed above in that the hydrogel of this embodinient is not 
a compressed tablet of credible granular material, but rather a monolithic 
polymer networtc As known in the art, a hydrogel is a water-swellable 
hetwori^ polymer. Hydrogels are preferred maiterials for matrix devices 
because they can absorb or be made to contain a large volume fraction of ; 
35 water, thereby permitting diffusion of solvated dnig within the matrix. 

Diffusion coefficients of drugs in hydrogels are characteristically high, and ~' 
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:fbr high^ Water-^woliieh gels, the diff^^ of the drug in the gel 

; : yiaiue in pure water. This high diffusion cpeffident perrtiits 

: practical release iHteg frorn relaitively laige devices (i.e., it is hot necessary 
/ ; .to form microparticies). Although hydrogel devices can be prepared, loaded 
5 with;azittifb dispensed and dosed in the fully hydrated ktate, it 

; is prefen'ed that they be istored, dispensed, and dosed in a dry state. In 
^ .' : v ^iddition tb stability and convenience, dry state dosing of hydrogel deuces J 
: / provides good azithromydh release kinietics. Prefen'ed materials for forrining 

; hydrogels indude hydrophilic vinyl and acrylic polymers, polysaccharides 
10 such as c^ldum alginate, and poly(ethylene oxide). Especially preferred are 
. poly(2-hydro^^ poly(acryiic add), poly(methacrylic add), 

poiy(N-vinyl-2rpyrolidinbne), poly(vinyl alcohol) and their copolymers with 
; each other and with hydrophobic monomers such as methyl methacrylate, 
vinyl abetate,; and the like. Also preferred are hydrophilic pojyurethanes . 
15 containing large poly(ethyiene oxide) blod<s. Other preferred materials 
include h^^^ cprhprising interpenetrating networks of polymers, which 
; niiay be formed by addi^ condensation polymerization, the 

; . bomponents of which may corhprise hydrophilic and hydrophbbic monomers 
: such ias tiiose just enurnerated. 

20 ? t A second class of azithromycin sustained-release dosage fomis of 
; this ihventibnlndudei membrahe-mpderated or reservoir systems. In this 
cliass, a reseryoir bf azithromydn is sumiunded by a rate-limiting membrane. 
; The az'rthrbmycin trav^ niembrane by mass transport mechanisms 

V . V^jl 1^^^ including but not limited to dissblution in the 

2^ niembrane fbitpwed by diffusion across the membrane or diffusion through 
liquid-filled pbrbs within the membrane. These indi\^dual reservoir system .. 
; t^^^ large, as in the base bf a tablet cbntaihing a single 

' . large reser>mir, or multipartibuiate, as in the case of a capsulb containing a 
plurality of rissbrvoif piEUliblies, each individuially coated with a membrane. . . 
30 The cos^hg bah bis hon-^^^ yet permeable to azithrbmydn (for example 

directiy through the membrane), or it may be ; 
; : j ? pbrpiis. As witri other embbdiments of this invention, the partibuidr 

: Sui^hbd releeise cosrtings known in the art may be employed to 
35 : f£ybn(^ie the membranei. especially (iolymer coatings; such as a cellulose 

/ : e^ 
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materials include ethyl cellulose, cellulose acetate and dsliulose acetate 
butyrate. The polymer may be applied as a solution in an organic solvent or 
as an aqueous dispersion or latex. The coating operation niay be 
conducted in standard equipment such as a fluid bed coater, a Wurster 
5 coater, or a rotary bed coater. 

If desired, the permeability of the coating may be adjusted by 
blending of two or more materials. A particularly useful process for tailoring 
the porosity of the coating comprises adding a pre-determined amount of ia 
finely-divided water-soluble material, such as sugars or salts or water- 

10 soluble polymers to a solution or dispersion (e.g., an aqueous latex) of the : 
membrane-forming polymer to be used. When the dosage fomi is ingested 
into the aqueous medium of the Gl tract, these water soluble membrane 
additives are leached out of the membrane, leaving pores which faicilitate 
release of the drug. The membrane coating can also be modified by the. 

15 addition of plasticizers, as known in the art. 

A particuiariy useful variation of the process for applying a membrane 
■ coating comprises dissolving the coating polymer in a mixture of solvents 
chosen such that as the coating dries, a phase inversion takes place in the 
applied coating solution, resulting in a membrane with a porous stmcture. 

20 Numerous examples of this type of coating system' are given in European 
Patent Specification 0 357 369 B1, published March 7, 1990, herein ; 
incorporated by reference, in general, a support for niechanicaily 
strengthening the membrane is not required. 

The morphology of the membrane is not of critical importance so long 

25 as the permeability characteristics enumerated herein are met. The 

membrane can be amorphous or crystalline, it can have any category of : 
morphology produced by iany partlojlar process and can be, for exariiple. ah 
interfaciaiiy-polymerized membrane (which comprises a thin rate-limiting . 
skin on a porous support), a porous hydrophilic membrane, a porous 

30 hydrophobic membrane, a hydrogel membrane, an ionic membrane, arid : 
other such materials which are characterized by controlled permeability to : 
azithromycin. 

A useful reservoir system embodiment is a capsule having a shell 
comprising the material of the rate-limiting membrane, including any of the - 
35 membrane materials previously discussed, and filled with an azithromycin 
drug composition. A particular advantage of this configuration Is that the 
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: diapsuie independently of the drug composition, thus 

'.: pix)(^sis cphditions that wbiild adversely affect the drug can be used to 
/ prepare the» capsule. A prefenred embodiment is a capsule having a shell 
; ^ made of a poro^ 

5 ; proc»iss. Ah espedaiiy preferred embodiment is a capsule shell in the form ' 
^^^^^ . 0^^ Le., a membrane that has a thin skin on one 

V sM thickness is conistituted of a highly permeable 

porous material. A preferred process for preparation of asymmetric 
^^^^^^^ m capsules comprises a solvent exchange phase inversion, 

ip j Whereifi a solution of polymer, coated on a capsule-^shaped moid, iis induced 
; to phase-separat6 by exchanging the solvent with a-miscible non-solvent. 
: Examples asymmetric membranes useful in this invehtioh are disclosed in 
r the aforemeintioh^d Patent Specification 0 357 369 Bl; 

preferred embodinient of the claiss of reservoir sy^ems comprises a 
15 muHipeirticulate wherein each particle is coated with a polymer designed to 
: . yield sustained re The muttiparticuiaie particles each 

; corhprise azithromycin and one or more exdpients as needed for fabrication 
: J The size of individual particles, as previously nrieritioned, 

r ^ is generally between about 50 \im and abOut 3 mm, although beads of a , 
20 size b^sido this range may also be useful. In general, the beads comprise 
\:^ :a^ As it is generially desirable to 

:;: produce dbsage forms w:hich are small and esisy to fallow, beads which 
; comedn 4 high fractibh of azithnbmycin relative to exdpierits are prefen'ied. > 
Binders useiful ih fabrication of these beads include microcrystailine 
25 ; celjulbse (e g., Corp.), hydroxypirapyl cellulose (HPC), 

: v;hydro)^propyi niethyl c» related materials or 

V i: j^^^^ gbneraJ, binders wtiich are useful in granulation 

tsblettin^, such as starch, pregelab'nizecl starch, and poly (N-vinyl-2- . ■ 
i pyrrolidinohe) (PV P) may also be iised to form multiparticulates. 
30 > Resen/oir%steni azithromydn multiparticulates rhay be prepared 
: . .using tiechiiiques known to thosVsidlle in the art, includinig, but not limited 
to, the techniques of extnision and ispheronization, wet granulation, fluid bed 
c granulation; and rotary bbd granulatioh. In addition, the beads may also be 
prepiai^d by buildihg the azithromycin composition (drug plus exdpients) up 
35 pn a 0ed pore (such as a noh-pareil seed) by a druig-layering technique 
Siich as powder coating or by applying the azithromycin composition by 
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spraying a solution or dispersion of azithromycin in an appropriate binder 
solution onto seed cores In a fluldized bed such as a Wurster coater or a 
rotary processor. An example of a suitable composition and method is to 
spray a dispersion of an azithromycin/hydroxypropylcellulose composition in 
5 water. Advantageously, azithromycin can be loaded in the aqueous / 
. composition beyond its solubility limit in water. 

: A preferred method for manufacturing the multiparticulate cores of thiis 
embodiment is the extrusion/spheronization process, as previously 
discussed for matrix multiparticulates. A pretended process and conipositioh 
10 for this method Involves using water to wet-mass a blend of about 5io 75% 
of micro-crystalline cellulose with correspondingly about 95 to 25% 
azithromycin. Especially prefen'ed is the use of about 5-30% 
microcrystalline cellulose with con-espondingly about 95-70% azithromycin. 
A sustained release coating as known in the art, especially poly nier 
15 coatings, may be employed to fabricate the membrane, as previous^ 
discussed for reservoir systems. Suitable and preferred polymer coating \ 
materials, equipment, and coating methods also include those previously 
discussed. 

The rate of azithromydn release from the coated multiparticulateis can 

20 also be controlled by factors such as the composition and binder content of 
: the drug-containing core, the thickness and permeability of the coating, iand 
the surface-to-volume ratio of the multiparticulates, it will be appreciated by 
those skilled in the art that increasing the thickness of the coating will 
decrease the release rate, whereas Increasing the permeability of the 

25 coating or the siirface-to-yolume ratio of the multiparticulates will increase 
the release rate. If desired, the permeability of the coating may be adjusted 
by blending of two or more materials. A useful series of coatings comprises 
mixtures of water-insoluble and water-soluble polymers, for example, 
ethylcellulose and hydroxypropyl methylcellulose, respectively. A . ■ " 

30 particularly useful modification to the coating is the addition of finely^ivided 
water-soluble rtiaterial, such as sugars or salts. When placed in an aqueous 
medium, these water soluble membrane additives are leached out of the ' 
membrane, leaving pores which facilitate delivery of the drug. . The . 
membraine coating may also.be modified by the addition of pla^*cizers, as is 

35 . known to those skilled in the art. A particularly useful variation of the \ 
membrane cx)ating utilizes a mixture of solvents chosen such that as the 



VW695/30422 




^^ (^ phase inversion takes place in the applied coating solution, 

^ ; - r^^ 

: A preferred embodirnent is a multiparticiiiate comprising about 95% 
. ' {^azitKromy^^ particles being coated with an aqueous 

'■'■5 ; dispersiQh of ethyl celiulose, which dries to form a continuous film. ^ ^ 

: A t^ when the azithromycin 

^^^^ ' .b^ les^ than about 400 ^m in size arid are coated with a phase T 
inye^ 

10 : aizhhrbmydn beads are less than about 400 ^m in size and are coated With 
: : ; an aqiJepus di^perlsioh of ethyl cellulose, which dries to form a continuous 

more especially preferred embodiment is obtained when the 
: /azHhrbnriydn bejads are less than abptit 300 jiim in size and are coated vyith 
15 i an aqueous dispersion of ethyl cellulose, which iqiries to form a continuous 

vA azithrpmydn sustainiBd-release dosage forms 

, :: indludes the osmotic delivery devices or "osmotic pumps" as they are knoWn 
: ' comprise a core containing an osmoticaliy . 

20: effective oomppsition surrounded by a semipermeable membrane. The term 
■^J-: . "semipermeable" in this context rheans that Water can pass through the 
:r rriembrahe, biit solutes disslblved in water cannot In use, when pilaced in an 
- ^queoiis environment, the device imbibes water due to the dsmotic activily 
: the core conipositipri. Owing to the seniipermeable nature of the : 
25 surrpuhding membrane, the contents of the de\^ce (including the drug and 
'. any excipients) cannot pass through the non-porous regions of the , 

membrane arid are driven by dsmotic pressure to leave the device through 
■ , an bpenirig or passageway pre-rnanufactured into the dosage form or, 
; aKerriatlvely, forined in situ in the Gl tract as by the bursting of intentiprially- 
30 incbrpbrated pbiiits in the coating under the influence of osmotic --[[i 

: jbressure.^^ 'T^ osmpticaily effective composition Includes water-sioluble 
, ::Spedes, generate a bbllbidal osmotic pressure, and water-swellable 
V ; i pblymeirs^^ daig itself (if highly Water-soluble) riiay be an osmbticaliy 
] v ; effective component of the mixture. Azithromydn fumarate has a solubility at 
35 0H 7 bf abbiA 1pOmg/ml, cprrespbndirig to an osmotic pressure of about 3 
f ^atmospheres^ to contribute some osmotic driwng force. However, 
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the solubility of azithromycin dihydratid in a self-buffered solution (pH > 8) is 
much lower. Therefore, the osmotic effectiveness of azithromycin depends 
on the presence of acidic buffers In the formulation. The drug composition 
may be separated from the osmbtically effective components by a movable 
5 partition or piston. 

Materials useful for forming the semipermeable membrane 1^^^ 
polyamides, polyesters, and cellulose derivatives. Preferred are cellulose 
ethers and esters. Especially preferred are cellulose acetate, cellulose 
acetate butyrate, and ethyl cellulose. Especially useful materials include 
10 those which spontaneously form one or more exit passageways, either 
during manufacturing or when placed in an environment of use. these 
preferred materials comprise porous polymers, the pores of which are 
formed by phase inversion during manufacturing, as described above, or by 
dissolution of a water-soluble component present in the membrane. 
15 A class of materials which have particular utility for forming 

semipermeable membranes for use in osmotic delivery devices is that of ; 
porous hydrophobic polymers, as disclosed by commonly assigned co- 
pending U.S. application Serial No. 08/096,144 filed July 22, 1993, herein 
5 incorporated by reference. These materials are highly penmeable to water, 

20 but Highly impermeable to solutes dissolved in water. These nriaterials owe 
^; their high water permeability to the presence of numerous microscopic 

pores (i.e., pores which are much larger than molecular dimensions). 
Despite thelir porosity, these materials are impermeable to molecules In 
g aqueous solution because liquid water does not wet the pores. Water in the 

25 vapor phase is easily able to pass across membranes made from these 
materials. 

A prefen-ed embodiment of this class of osmotic delivery devices 
consists of a coated bi-layer tablet. The coating of such a tablet comprises a 
membrane pemneable to water but substantially impermeable to \ 
30 azithromydn and excipients contained within. The coating contains one or 
more exit passageways in communication with the azithromycih-containing 
layer for delivering the drug composition. The tablet core consists of two . 
layers: one layer containing the azithromycin composition and anoth(3r layer 
consisting of an expandable hydrogel, with or without additional osmotic 
35 agents. . ' •• . •/•*• •:•■;•■ ■■ 
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v: W placed In an aqiiebus medium, the tablet imbibes wiater 
: through the membranie, causing the azithromycin compbsitipri to form a 
/ : di^pensible aqueous corhpositidn, and causing the hydrogel layer to 

Expand and push aigsiinst the azithromydn compoisition, fordhg the 
5 : sajthrpmydh compositiph out of the exit passageway. • V 

h The rate of azithrpmydn delivery is controlled by such factors as the 
V . permeability arid thidoiess of the boating, the water iactivi^ of the hydrogel 
. V^^^ and the surface area of the device. Those skilled, in the art will 
i appredat(^ that Increasing the thickness of the coating wiil reduce the 
10 relPa^e reite, whereais ihcred^^ thei pernieability of the d)ating'or the water 
> ; k^^^ q1 the hydrogel layer or the surface area of the de>^ce will increase 
the release rsite. ;\ ^ : '^^.■;•■■ 
Exem0lary materials whibh are useful to form the azithromycin 
^ TO addition to the azithromycin itself, include hydroxyprbpyi ; 

15 rn^thyi celluldise, poly (ethylene oxide), poly (N-vinyI-2-pyrTolidinone) or 
PVP, and other pharrniaceuticsilly-acceptable camei^. In addition. 
■ ': dsrnag^rirts such as sugars or salts, espedally sucrose, mannitol, or sodium 
/ f chlPjide, niay be ia^^ Materials which are useful for fprmihg the hyidrpgel 
; , layer include spdlum carbpxymethyl cellulpse, pply (ethylerie oxide), pbly 
20; (Acrylic add); sod^ other high molecular-weight 

: ;hydrophllic materials^ Psuliculariy useful are poly (ethylene oxide) having a 
^^^^^^^ m from sOjout 4,OQO,000 to about 7,500,000 and sodium 

V / ,carbokyme^ cellulose having a molecular weight of about 200,000 to 
.v^\;^about:i;6oo;ooo,''-'^ • 

75 : Materials which are useful for forming the coating are cellulose 
; esters, celiulbse ethers, and cellulbse ester-ethers. Preferred are cellulose ' 

acetate and ethylcellulbse. 
;f . The exit passageway must be jbcated bn the side bf the tablet 

; . ■ oontaiiriih^ the azithromycin conniDositiPh, There may be mpre than brie such 

30 \exit passag^^^ may be produced by mechanical pr 

.• by lasef drilling; br by creating a difficult-tb-ccat regibn bh the tablet by use 

: ' bfspeciartbpling during tablet ccmpression. The rate Of azithromydn 
. : deliveiy f rbm the device irhay be bptimized sb as tb prbvide ia methbd bf 
: .d to a m^mnial for optimum therapeutic effect 



wo 95/30422 



22 



FCT/IB9SA)0264 



•i 3ri 



A fourth class of azithromycin sustained release dosage forms of this 
invention comprises coated hydrogel tablets and multiparticulates, as ■ 
described in co-jsending commonly assigned U.S. Serial No.07/296,464, 
filed Jariuary 12, 1989 (published as EP 378404 B1 August 31, 1994), 
5 herein incorporated by reference. Coated hydrogel tabjets comprise a tablet 
core comprising azithromycin and a swelling material, preferably a hydrogel 
polymer, coated with a niembrane which contains holes or pores thrbugh 
which, in the aqueous use environment, the hydrogel can extrude and cany 
out the azithromycin, Altematively, the membrane may contain polymeric or 
10 low molecular weight water soluble porosigens which dissolve in the 

aqueous use environment, providing pores through which the hydrogel and 
azithromycin may extrude. Examples of porosigens are water-soluble 
polymers such as hydroxypropylmethylcellulose, and low moleculair weight 
compounds like glycerol, sucrose, glucose, and sodium chloride. In this . 
15 fourth class of azithromycin sustained release dosage forms, the membrane 
material rnay comprise any film-forming polymer, including polymers which 
are water permeable or Impermeable, providing that the rhembrane 
Q deposited on the tablet core is porous or contains water-soluble porosigens: 

^ Multiparticulates (or beads) may be similarly prepared, with an 

^ 20 azithromycin/swellable material core, coated by a porous or porosigen- 

containing membrane. 

As it is an object of this invention is to reduce the exposure of the 
upper Gl tract to high concentrations of azithromycin, a fifth especially 
preferred class of dosage forms includes those forms which incorporate a 
O 25 delay before the onset of sustained release of azithromycin: An exemplary 

; embodimem can be illustrated by a tablet comprising a core containing ^ 
azithromycin coated with a first coating of a polymeric miaterial of the type 
useful for sustained release of azithromycin and a second coating of the 
type useful for delaying release of dmgs when the dosage fbmi is ingested. 
30 The first coating is applied over and sun^ounds the tablet. The second 
coating is applied over and sun^ounds the first coating. 

The tablet can be prepared by techniques well known in the art and 
contains a therapeutically useful amount of azithroniycin plus such 
exdpients as are necessary to form the tablet by such techniques. 
35 The first coating may be a sustained release coating as known in the 

art, especially polymer coatings, to fabricate the membrane, ias previously 
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• ^dis(ausse^^ Suitable arid preferred polymer coating 

k fnatiarials, equipment, and coating methbds also Include those previously 

4-.\^.^'scussed. •\. .^^ A V 

%terials useful for preparing the second coating on the tabtet 
; ' 5 jhplude polypers kaibwri In the art as enteric coatings for delayed-release of 
p most commonjy are pH-senisltive materials such as 

celluldsiB acetate ttimellltate, hydroxypropyl 
^I^ , "^^^W (vinyl acetate phthalate)* and acrylic; V 

- ::C jcopblyh^ (RShm Pharrna) arid related materials, 

rjd . a^ iriore f^ below uncler "Delayed Release". The thickness of the : 

■ ; d coating is adjusted to give the desired delay property. In ^ 

: V igierieral, thicker CO more resistant to erosion and, consequently, 

' ^ y longer delay. Preferred coatings range from about SOOiun In ? 
; ; thickness logout 3mm in thickness. 

■ IS j the twice-coated tablet passes through the istomach, 

j }^^^ '^^}^9 prevents release of the azithromycin under the 

; : ;a^^^ thefiB: When the tablet passes put of the stomach 

ahd Into the srnair is higher, the second coating 

: . e 

ip ; chos^^^^^ Upori erbsion or dissolution of the second coating, the first 

c^^ Preyente Irnm6diat(^ or rapid release of the azithrorhyclh and 
" ; modulates the release sb as to prevent the production of hjgh 
; cohcentfatiphs, thereby nriinlmizing side-effects. ; 

A further prefen;ed embodiment comprises a multiparticulate wherein 
25 eaPh particle Is dual coated as described above for tablets, first with a 
pPlymer dpsigned to yield sustained release of the azithroriiycln and then 
• ehvi ronmerit 

;V/ ;„';-:.:pfthe Gl triacl when the dosage form Is ingested. The beads contain 

; . .azjthrorriycln and rnay corrtaln one or more exdplerits as heeded for . ^ 
isp vtabrica^ Multlparlicuiates which contain high fraction 

: p^^ binder are prefen^d. The miitdpartlculatei may be 



disclosed fPr^muftipartidilateis used to make reservoir systems (including 
v V e bed granulation; and 

.'35 : ro^^^ buildihgi and so forth). 
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The isustained release coating may be as known in the art, espedaily 
polymer coatings, to fabricate the membrane, as prevfiously. discussed for 
reservoir systems. Suitable and preferred polymer coating materials, 
equipment, and coating methods also include those previously discussed. : 
5 Tlie rate of azithroniydn release from the sustalned-releas^^^ 

multiparticulates (i.e., the multiparticulates before they receive the delayed- 
releasd coating) and methods of modifying the coating are also controlled 
by the factors previously discussed for reservoir system azithromycin 
multiparticulates. 

Id The second membrane or coating for dual coated niultipartlc'ulaties is 

a delayed-release coating which is applied over thie first sustained-release 
coating, as disdosed above for tablets, and may be formed fronii the same 
materials. It should be noted that the use of the so-called "enteric" 
materials to practice this embodiment differs significantly from their use to 

15 produce conventional enteric dosage forms. With conventional enteric 
forms, the object is to delay release of the drug until the dosage form has 
passed the stomach and then to to deliver thd dose in the duodenum. 
Dosing of azithromydh directly and completely to the duodenum is 
undesirable, however, due to the side effects sought to be minirhized gr 

20 avoided by this invention. Therefore, rf conventional enteric polymers are to 
be used to practice this embodiment, it may be necessary to apjaly them . r 
significantly Tnore thickly than in conventional practice, in order to delay drug 
release until the dosage form reaches the lower Gl tract. However, it is 
preferred to effect a sustained or controlled delivery of azithromydn after the 

25 delayed-release coating hsis dissolved or eroded, therefore the benefits of 
this embodimient may be realized with a proper combination of delayed- 
release character with sustained-release diaracter, and the delayed^ 
release part alone may or miay not necessarily conform to USP ehtisric 
criteria. The thickness of the delayed-release coating is adjuisted to give thie 

30 desired delay property. In general, thicker coatings are more redistant to . y 
erosion and, consequently, yield a longer delay. 

Deiaved Release 

35 A first delayed release enibodiment according to the invention is a "pH- 
dependent coated tablet", which comprises a tablet core comprising 
azithromydn, a disintegrant, a lubricant, and one or more pharmaceutical 
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;icarriers, such obre being coated with a material, preferably a polyrner, which 

; \; Is 

w pH of the small Intestine. 

- ' V P is substantially insoluble and Impermeable 

:^Vi^^^;^^. V also preferred that the tablet 

• . . ; : . -i; : -c^ coated with ah Amount of polymer sufficient to assure that .- ■'. . 

3 ^;^^^^V s^^^ 0* azithromycin fronoi the dosage form occurs until 

the dosaige iorm has exited the stomach and has resided in the small 
:^ intestine for about 15 minlites or greater, preferably about 30 hiinufes or 
lO g thiat rTiinimal azithromycin is released In the ' 

duodenum. Mixtures 6f a pH-senisitive polymer with a water-insolubie 
; ^i Vpolymer nr^^ with an amount of 

polymer comprisirig from about 1 0% to about 80% of the weight of the 
4 : ; azithromycln-cohtaining tablet core. Preferred tablets are coated with an. 

^' , / 15 i ; amount of polymer comprising about 15% to about 50% of the weight of the 
Wr-' ■ vi'iV-^azithr^^ 

Ct^^^- ^^'^ I :r V. pH-s^h^ltive poly^ which are relatively insoluble and 

::/■■%■ ihiperme£U)ie at the^p^ of the stomach, but which are more soluble and , 
' ■ penfneable at the pH of the ismall intestine and colon include 
'\'--^f:-;ib ■ pblyacrylamides, phthalate derivatives such as acid phthalates of 

; ; 5^^^ acetate jihthalate, cellulose acetate phthalate, other 

cellulose ester pWhalates, cellulose ether phthalates, 
fti ! ;:h hydroxypropylethylcellulose phthalate, 

3 . hydrbxypropylmethylcellulose phthalate, methylcellulpse phthalate, 

© ; ; 25 pplyvinyi acetate phthalate, polyvinyl acetate hydrogen phthalate, sodium 
: deljulbse acetaite pHthaiate, starch add phthalate, styirene-maleic acid 
; ; ; dibutyf phthalate copolymer, styrene-maleic acid pblyyinylacetate phthalate 
V y^c^^ copolymers, polyacryiic aicid derivatives 

;. • : V such as acrylic acid and acrylic ester copolymers, polymethacrylic add and 
i 30 ' esfere t^^^^ add copolymers, shellac, and vinyl 

; include shellac; phthalate 

■ : • ; V acetate phthalate, pdlyvinylacetate 

r • v3;piTtj^a^6, "and hydroxypropylmethylcellulose phthialate; polyacryiic add 
. 7 ; polymethyl methacrylate blended with acrylic add 
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and acrylic ester copolymers; and vinyl acetate and crotonic add 
copoiymers. 

Cellulose acetate phthalate (CAP) may be applied to azlthrortiycin 
tablets to pro>^de delayed release of azithromycin until the iazithrpmydn- 

5 containing tablet has passed the sensitive duodenal region, that is to delay 
the release of azithromycin in the gastrointestinal tract until about 15 
minutes, and preferably about 30 minutes, after the azithromycin-coritainiing 
tablet has passed from the stomach to the duodenum. . The CAP coating 
solution may also contain one or more plasticizers, such as diethyl 

10 phthalate, polyethyleneglycol-400, triacetin, triacetin citrate, prdi^ylene . 
glycol, and others as known in the art Prefen'ed plasticizers are diethyl 
phthalate and triacetin. The CAP coating formulation may also contairi one 
or more emulsifiers, such as polysorbate-80. 

Anionic acrylic copolymers of methacrylic acid and 

15 methylmethacrylate are also particularly useful coating materials for 
delaying the release of azithromycin from azithromycin-containing tablets 
until the tablets have moved to a position in the small intestine which is 
distal to the duodenum. Copolymers of this type are available from : \ 
RohmPharma Corp, under the tradenames Eudragit-L® and Eudragit-S®. 

20 Eudragit-L® and Eudragh-S® are anionic copolymers of methacrylic add 
and methylmethacrylate. The ratio of free carboxyl groups to the esters is ; 
approximately 1 :1 in Eudragit-L® and approximately 1 '2 in Eudragit-S®. ; 
Mixtures of Eudragit-L® and Eudragit-S® may also be used: For coating of . 
azithromycin-cbntaining tablets, these acrylic coating polymers must be 

2i5 dissolved in an organic solvent or mixture of organic solvents. Useful 
solvents for this purpose are acetone, isopropyl alcohol, and methylene 
chloride. It is generally advisable to include 5-20% placticizer in coaling 
. formulations of acrylic copolymers. Useful plastidzers are polyethylene ; 
glycols, propylene glycols, diethyl phthalate, dibutyl phthalate. castor oil, 

30 and triacetin. 

The delay time before release of azithromydn, after the "pH^ . 
dependent coated tablet" dosage fomi has exited the stomach, may be, 
controlled by choice of the relative amounts bf Eudragit-L® arid Eudragit-S® 
In the coating, and by choice of the coating thickness. Eiidragit-L® filnis 

35 dissolve above pH 6.0, and Eudragit-S® fi|ms dissolve sybbve 7.0, and 
mixtures dissolve at intermediate pH's. Since the pH of the duodenurn is 
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^-i i^^ of the colon is approximsrtely 7io/<?oatings 

. cpmfibsed bf mixtures proyide protection 6f 

: ; t^^ If it is deisired to delay release of 

^aalthrorriycih until the azithromycin-containing "pH-dependent coated tabler 
^/■.i-/-- ^:^- -::^^^ ;has reiached the bblon, Eudragit-S®.may be used as the coating material, as 
^X^^^^^^^- d^ Dewet a! (Br. J. Clin. Phamiac. 14 (1982) 405-408). In order 

• , : -^^^^^^^ thei release of azhhromydn for about 15 ininutes br more, preferably ■ 

5 -iSO minutes or more, after the dosage forin has exited the stomach, prefemed 
^.^^^•^^v^^^-^^.j^c^^^^ - c^^ about 9:1 to about 1 :9 Eudragit-L®/Eudragit-S®, 

. : 10 jtiore prefereibly from 9:1 to about 1 :4 Eudragit-L®/Eudra^iit-S®. The 
ttiatirig may comprise from about 3% to about 70% of the weight of the 
; • Mncoaied tablet core. Preferably, the coating comprises from about 5% to 

^ In ^ further embodiment, a "pH-dependent coated bead", beads \ 

© : 15 : (about 6.5 to 3.0 mm in diameter) comprising azithromycin piiis carrier are 
^'J > ; ;;> rf.:6b£rted wrih one or more of the aforementioned pH-sensive polymers. The 
: coated beads may be placed in si c^sule or may be compressed Into a 
y^^^^ ; ■ t^ damaging the polymeric coat on Individual 

beads during tablet compression. Prefen-ed coated be^s are those which 
^ K 20 exhibit su.bstaiTtially ho reiea^^ from the dosage fQnm until 

' , . the biBads havei exited the stomach and have resided in the small intestine 

if to preferably about 30 minutes or greater, thus 

. ; assuring that minimal azlthr^^ Is released in the duodenum. Mixtures 

:^^bf a pHVsehsitive pblynier with a water-insoluble polymer are also included. 
25: dissc^ribed abbye, azhhix)n^ beads may be coated with 

■ mixtures b^^ polymers whose solubilitieis vary at different pH's. For example, 
V prefeited coatings bornprise from about 9:1 to about 1 :9 Eudragit- 
f ; v| ;W preferably from 9:1 to 1 :4 Eudragit-L®/Eudragit-S®. 

i : jThe^^^c^^^ comprise from about 5% to iaboiit 200% of the weight of the 

the coaling comprises from aboirt 10% to ; 
} : : \ r ai)but i 00% of the weight of the bbad core, 
^^^^ : small N : 

■ , ' particles (about 6,01 to 0.5 mm in diameter, v: 

. Q.OS.tb 0.5 mrii in diameter) are coated with one or more of the 

' : . , 35 Hja^^ The coated particles may be placed 

a capsiiie or may be cbrtipressed into a tablet, with care takeii tb avoid 
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damaging the polymeric coat on individual particles during tablet 
compression. Preferred coated particles are those which exhibit 
substantially no release of azithromycin from the dosage form until the 
particles have exited the stomach and have resided in the ismall Intdstine for 

5 about 15 minutes or greater, preferably 30 minutes or greater.'thus assuring 
that minimal azithromycin is released iri the duodenum. Mixtures of a pH- 
sensitive polymer with a water-insoluble polymer are also included. 
Pretended azithromycin-containing particles are coated with an amount of 
polymer comprising about 25% to about 200% of the weight of the uncoated 

10 azithromycin-containing particle core. 

A further embodiment constitutes a modification of the pH-dependeriit 
coated tablet, pH-dependent coated bead, and pH-dependent coated 
particle embodiments, the azithromycin-containing core tablet, bead, or ; 
particle is first coated with a barrier coat, and then is coated with the pH-. 

15 dependent coat. Jhe function of the banier coat is to separate azithromycin 
from the pH-dependent coat. Since azithromycin is a base, hydration of the 
azithromycin in the core may serve to raise the pH in the microenvironment 
of the pH-dependent cdating, thus prematurely Initiating the 
penneabilization or dissolution of the pH-dependent coating, resulting in 

20 premature release of some or all of the azithromycin dose in the stomach or 
duodenum. Suitable banier coatings are composed of water-soluble : 
materials such as sugars such as sucrose, or water-soluble polyniers such 
as hydroxypropyl cellulose, hydroxypi'bpyl methylceliulose, and the like. 
Hydroxypropyl cellulose and hydroxypropylmethylcellulose are prefen^. 

25 The banier coat may comprise from about 1% to about 15%, preferably from 
about 2% to about 1 0%, of the weight of the uncoated aztthromydn^ 
containing tablet, bead or particle core. 

Coating of azithromycin-containing tablets, beads and particles may be - 
canied out using equipment known in the art. For example, azithromycin- \ 

30 containing tablet cores may be coated with a pan-coater, such as a Hi- 
Coater (Freund Corp.), or an Aocela-Cota (Manesty Corp., Liverpool). 
Azithromycin-containing beads and particles are preferably coated using a 
fluidized bed coater, such as a Wurster coater, utilizing coating eiquipmeht 
available for exarhple from the Glatt Corporation (Ramsey, NJ).Beads niay '■: 

35 also be coated using a rotaiy granulator, such as a CF-granUlatbr giyailabld 
from Freund Corp. 
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: ^; • 1^ ©mbocliment ("bursting osmotic core device"), azithrorriycin is 

''ijhcbi^rated in an bsfnbtic bursting device which comprises a tablet core or 
. .^^^^^ azithrbmydh and, optionally, one or more psmagents. : 

> beyicies of this t)^eM^ generally disclosed in Baker, US 3,952,741 , 
5 which is in(:x)rpbFat^ reference. Examples of. osmagents are 

^ .^ugai^ lactbsef, and the like; and salts 

:i :s as sbdium chlbride, pibtassi chloride, sodium (^rbonate, and the 
; : . lik^ as tartaric add, fumaric iadd, and the Ijke. The 

"^^^ core br bead core is coated with a pblynier 

IQV W forms ai semipermeable rhembrane, that is, a membrariei which is. 



' :ExaiTiple| bf pofy^ a isemipemieable membrane ^re 

peliulose acbtkte, cellulose abetate butyrate, and ethyice|lulose. preferably 
d acetate. The semipermeable coating membrane rnay alternatively 
15 be cbmpbsed of onb or mor'e waxes, such as insect and animaj waxes such 
; as such as camaiiba wax and 

: : hydrog^^^^^ A melt mixture of a polyethylene glycol, ie:g., 

J T- p^ arid a hyidrogenated oil, e.g., hydrpgenated castor 

bit, Hfi^y t^b usied as ai coiEtting, as for isbniazid tablets by Yoshinp 

20 ' (Ciapsugei Sympbsja Seribs; Current Status on Targeted Drug Delivery to V 
;the Gastroirrtestihai pp.liB5-190). Preferred sernlpermeabie 

xbktirig niateriaJs a^^^ and cellulose ethers, polyacryjic acid 

; derivdives such as polyacrylates and pplyacrylate esters, and polyvihyl 
; alcohols and pplyiiiikenes such as ethylerie vipyl alcohol copolymer. 
25 Espedaliy preferred coatinig materials iare cellulose acetate 

' 4. -arib^^^ - ' ■ : : 

J Whbn a coated tsiblet or bead of the "bursting osmotic core" embodiriient 
;.• V pf -thfe Invention is placbd In an aqueous environment of use. water passes 
i' ; - through. t^^^^ sernipertneable metnbrarie into the core, dissolving a portion of 
30 thb bzlthibmya^^^ osmagent, generating a colloidal osrriptic pressure 



r.^rthr^ the aqueous environment. By dioice of bead or tablet 

xibre size ah^^^^ of osrnagent, and thidaiess of 

■ t^^^^ semipermeiiable membraiie, thbtjm^ placement of the 

.35 ^dosage form irrtb the aqu^^^ 

; S .'ehcidsed azithrorfiycin rhay be chosen. ■ It Will be iapprisciated by those 
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, skilled in the art that increasing the surface-to-volume ratio of the dosaige 
form, and increasing the osmotic activity of the osmagent serve to decrease 
the time lag, whereas increasing the thickness of the coating will Increase 
the tjme lag. Preferred osmotic-bursting devices of this inversion are those 
5 which exhibit substantially no release of azithromycin from the dosage form 
. until the dosage fomi has exited the stomach and has resided in ttie small 
Intestine for about 1 5 minutes or greater, preferably labout 30 minutes or : 
greater, thus assuring that minimal azithromyciri |s released in the 
duodenum. A bursting osmotic core tablet or bead has a tablet pr beaid core 

10 which rnay contain from about 25-95% azithromycin, about 0-60% ' 

osmagent. as described above, and about 5-20% oXher pharmaceutical aids 
such as binders and lubricants. The semlpenrneable mernbrane coating on 
a tablet, preferabty a cellulose acetate coating, is present at a weight . 
con^esponding to from about 2% to about 30%, preferiably from about 3% to 

15 : about 10%, of the weight of the tablet Core. The semipermeak}le membrane 
coating on a bead, preferably a cellulose acetate coating, Is preisent.at a 
weight corresponding to from about 2% to about Q0%, preferably from 3% to 
: 30%, of the weight of the bead core. 

A bursting osmotic core device possesses no mechanism for "serisjng" 

20 that the device has exited the stomach and entered the duodenum. Thus 
devices of this type release azithromycin at a predetermineid tinne after 
entering an aqueous environment, i.e., after being swallowed. In the fasted 
state, indigestible non-disintegrating solids, such as the "bursting osmotic 
: core devices" of this Invention, are emptied from the stomach during phase ] 

25 III of the Interdigestive Migrating Myoelectric Complex (IMMC), which occurs 
approximately every 2 hr In the human. Depending on the stage of the 
IMMC at the time of dosing in the fasted state, a bursting osmotic corie device 
may exit the stomach almost immediately after dosing, or as long as 2 hr . 
after dosing. In the fed state, Indigestible non-dislntegratirig solids, Which 

30 are <11 mm in diameter, will empty slowly from the ^omach wth the 
contents of the meal (Khosia and Davis, Int. J. Pharmaceut. 62 (1990) R9- 
R1 1). If the indigestible non-dlsinteigrating solid Is greater than about 1 1 mm 
in diameter. I.e., about the size of a typical tablet, it will be retained in the . 
stomach for the duration of the digestion of the meal, and will exit Into th0 

35 duodenum during phase III of an IMMC, after the entire rneal has been v 
digested and has exited the stomach. It Is preferried to delay the releasfe of 
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azithroriiycin uritira^^^ 15 min or more, preferably 30 minutes or more, after 
the dosage form has exited the stomach. A bursting osmotic core device 
- v^^ azithromycin abput 1.5 hr after ingestion v\^ll decrease the 

: ■, , inddencei an iseyerity of gastrointestinal side effects in a population oif 
5 paitients adniinistered aathrpmycln in such devicesVA preferred bursting 
. . v osmotic OTfe d^^^ starts to release azhhrornycin at about 2.5 hr after 
e^^^^ ingestion, to more reliably 

assuiiB th^^^ Its azithromycin distal to the duodenum, 

when closed in the fksted state. A more prefemed "bursting osmotic core 
10 - device" wll jstart to release azithrbmycin at about 4 hr after entering' an 
v^^^ This 4 hr delay permits dosing In the fed state, and 

; > allovyis for an aibbut 3.5 hr reterition In the fed stomach, followed by an 
■ • apprpM 30 minute delay after the dosage form has exited from the 
stomach, in this way, the release of azithromycin into the most sensitive 
15 portion of the gastrointestinai trad, the duodenum, Is minimized. 
:v^^|^^ V :i ^ ftirther ernfaddiment, a "bursting coated swelling core", an 
^ a^ithrdmydn-pontalni^ bead is prepared which also comprises 

: 2^ material, such as a swellable colloid (e.g., gelatin), as 

■ de^ribed ih^^^l^ herein by reference. : ' 
20 preferred swelling core nriatferials jare hydrog6|s, i.e., hydrophilic polyrners 

: y w water and swell, such as polyethylene oxides, polyacrylic acid 

ideriyat^^^ ^uch as pblymethyl methacrylatie, polyacrylamides. poiyvinyr 
• ; ate^^^^ starches, and 

\ the like, Prefeired are polyethylene 

;25 :pxides ahd ca^ 

■ ; A;:azitt^ tabbt or bead Is coated, at leaist In part, by a • 

: .s^ membrehe: Examples of polymers which provide a 

. semipien^ membrane are cellulose achate and cellulose acetate 

: butyrattejand ethylcellulose, preferably cellulose acetate, the 
30. : :js0rh coating membrane may altematively be compbsed of one or 

iil^eis, such as Insect and animai vyaxes such as beeswax, and 
; ^; yegej^ie waxes such as camaiiba wax and hydrogehated vegetable oils. 

;A melt rtiiirture of ia pblyethylene glyboi, e.g:, pblyethylerie glycol-6000, iand 
; ; a hydrb^ehat^^^ castor oil, may be used as a coatjnjg, >; 

'35. fbr isohla^d tablets by Yoshino (Caipsugel %mposia Series; : 

■ / Curterrt Status Dmg Delivery to the Gastrointestinal Tract; ^ 
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1993; pp. 185-1 90). Prefenied semipenneable coating materials are . 
cellulose esters and cellulose ethers, polyacrylic acid derivatives such ^ 
polyacrylates and polyacrylate esters, and pol/yinyr alcohols and . 
. pblyalkenes such as ethylene vinyl alcbhol qopotymer. Especially prefisrred 
5 semipermeable coating materials are cellulose acetate and cellulose 
acetate butyrate. 

When a coated tablet or bead having a bursting coated swelling core 
is placed in an aqueous environment of use, water passes through the 
semipermeable membrane into the core, swelling the core and resulting in 

10 bursting of the semipermeable membrane and relesise of azithromycin into 
the aqueous environment. By choice of bead or tablet core size and 
geometry, identity and quantity of swellirig agent, land thibkness of the 
semipermeable membrane, the time lag between placement of the dosage 
fomni into the aqueoUs environment of use and release of the enclosed 

15 azithromycin may be chosen. Preferred bursting coated swelling core 
devices of this invention are those which exhibit substantially no feleiase of 
azithromycin from the dosage form until the dosage form has exited tte 
stomach and has resided In the small intestine for about 15 minutes of 
greater, preferably about 30 minutes or greater, thus assuring that miniriial : 

20 azithrpmyciri is released in the duodenum. 

A bursting coated swelling core tablet or bead has a tablet of bead 
core which may contain from about 25-75% azithromycin; about 15^60% 
swelling material, e.g., hydrogei; about 0-15% optional osmagent; and about 
5-20% other phanriaceuticai aids such as binders and lubricants, the 

25 semipenmeable membrane coating on a tablet, preferably a celluibse 
. acetate coating, is present at a weight corresponding to from aboLit 2% to 
about 30%, preferably from 3% to 1 0%, of the weight of the tablet core, the 
semipermeable membrane coating on a bead, preferably a cellulose 
acetate coating, is present at a weight corresponding to from about 2% to . 

30 about 80%, preferably from 3% to 30%, of the weight of the bead cofe. 

A bursting coated swelling core device possesses no mischahism for 
serising that the device has exited the stomach and entered the duodenum, 
thus cle\^ces of this type release their azithromydn contents at k 
.. predetermined time after entering an aqueous environment, i.e., aifter being ; 

35 swallowed, as previously discussed for bursting osmotic core devices, and 
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; i; ; : th© saitnei con^icleration and preferences apply to making bursting coated ; 

:• • >:dz|th^romyd a device of the type described in allowed 

^ ^ 5^/ US patent 5,358,502, issued October 25, 

1994, jrico^ by refeiBnce. Tlie device comprises azitiiromycin 

'■■■^v^-y'-y}'^-..;: pptiGnally one or more bsmagents, surrounded at leiasit in part by a 

serhipe^^ The semipermeable membrane Is pemnieable 

' X^^^^^^ 

1^^^^^ Useful osmagents are ihe sa^ 

9?rnotic core devices. Useful semipenineable merhbrane materials are the 
^y:;::yy::-'y"-x-::\ samc 3$ those described above for bursting osmotic core devices. A pH- : 
y / : t to the semlpenneable membrane. The pH-trigger 

V ^^;^^^^^^^:^^y^^^^^ m^ above 3.0, and triggers the sudden delivery of 

' : is v-i^^ this embodiment, the pH-trigger means comprises ia 

ffi ^ : V membrane or pplymer coating which surrounds the semipermeable coating. ^ 
jl j, ; =^^^^^^^^^^^^^^^^ is sul)stantialiy : , 

- ; iippenrieabie a^^ insoluble in the pri range of the stomach, but becomes 

ill - ; \: :p6rmeable and soluble at about the pH of the duodenum, about pH 6.0. ■ :; 
^yy-- - yio-r . lExempla^^ polymers are pblyacrylamides, phthaiate \ 

g i : /• :d^ amyloise acetate 

q : ;> hydro)ypropylmethylcellul6se 
p^^^^^y V i^^^^^^ acetate phthalate, polyviiliyr 

^^-^^^^^1^;^^ phthaiatiB, sodium cellulose acetate phthalate, starch acid 

V y^^^^^^^^^:r p^^ add dibutyl phthalate copolymer, styrene-maleic • 

. ' acid pplyvinylacetate phthalate copolymer, styrerie arid maleic adid 
yy-s':"::'-..::-'^ ; to such as acryficabid and acrylic - 

metliai^ vinyl acetate and brotonic add 

■ > i-^^^ polymers indude shejlac; phthalate ^ 

: 35 phthalate, arid hydroxypippylrriethylcellulose phthklate; polyacrylic add 
y >v : . derivatives, jjiE^^ blended with acrylic add 
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and acrylic ester copdiymers; and vinyl acetate and crotonic add 
copolymers. As described above cellulose acetate phthalate Is available as 
a latex under the tradename Aquateric® (registered trademark of FMC 
Corp., Philadelphia, PA) , and acrylic copolymers are availabl^ under the 
5 tradenanies Eudragit-R® and Eudragit-L®. For approriate application in this 
embodiment, these polymers should be plasticized litilizihg piastidzers : 
described al>ove. The pH-trigger coating may also comprise a rnixtui^e of 
polymers, for example cellulose acetate and cellulose acetate phthalate. / 
Another suitable mixture comprises Eudragit-L® and Eudragit-S®; the ratio 
10 of the two, and the coatirig thickness, defining the sensitivity of the "trigger", 
i.e., the pH at which the outer pH-trigger coating weakens or dissolves. 

A pH-triggered osmotic bursting device generally operates as follows, 
: After oral Ingestion, the pH-trigger coating, which surrounds the semi- 
permeable coating, which in turn sun'ounds the azithromycin-contairiing 
15 core tablet or bead, remains undissolved and intact in the stomach. In the 
stomach, water may or may not commence penetration through the pH- 
trigger coating and the semipermeable coating, thus starting hydration of the 
core, which contains azithromycin and optional osmagent. After the device 
has exited the stomach and has entered the small intestine, the pH-trigger 
20 coating rapidly disintegrates and dissolves, and water passes through the 
serriipermeabie coating, dissolving azithromycin iand optional osmagent 
within the core. As the colloidal osmotic pressure across the 
semipermeable coating exceeds some threshold value, the semipenineable 
coating fails, and the device tujrsts, releasing azithromycin. It is preferred 
25- that this bursting and release of azithromycin occur at about 15 minutes or . 
more, preferably 30 minutes or more, after the pH-triggered osmotic bursting 
device exits the stomach and enters the duodenum, thus minimizing 
exposure of the sensitive duodenum to azithromydni 
; For a pH-triggered osmotic bursting device, the lag-time or delay-time 
30 is controlled by the choice and amount of osmagent in the core, by the 
choice of semipermeable coating, and by the thickness of the 
semipermeable coating. It will be ajapredated by those skilled in the art, for 
exaniple, that a thicker semipermeable coating will result in a longer delay 
after the device has exited the stomadi. A preferred pH-triggered osmotic 
35 bursting device is a bead or tablet core of azithromycin with optional v 
psmagem, coated with a 3-20% by weight cellulose acetate membrane, 
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; :C^^^ 3-20% by weight merinibrane composed of about 1:1 cellulose 

: acetate/celjulose ace^te pbthaiate. Another preferred pH-triggered osmotic 
( X b^ or tablet core of azithromycin with optional 

: - cokted with a 3-20% by weight cellulose acetate mernbrane, 

5 , coiated with a 3-20% by weight membrane comprising from about 9:1 to 

V k^pirt1;1 Eu^ 

: : : iAdvantageo^^ osmotic bursting device ; 

V pbssessies a hiechanism for sensing that the device has exited the stomach, 
: : ' interpart^^ emptying is hot significant. 

io : viin a fuithdr em "pH-triggered bursting coated swelling ; : 

: cpre^ a^le^ or bead containing azithromycin and a swelling material 

Is coated wjthai semipeirmeab^ which Is further coated with a pH- 

> sensitive opating. The core confiposition, including choice of swelling 
u ma^^^ above for the bursting coated ^vvel|ing core 

15 :Pmbodiment. The choice of semipermeable coating material and pH- 
: ^ sensitive . coating rnat^^ are as described above for the "pH-triggered 

osmotic c»i'e" emb^^ This device Is described in detall iri comrnonly- 
; assigheid cbpertdirig U.S. Psttent Application Sierial No. 08/023,227, filed 
:^ FPbruary 25, 1993, ihcprpbrated herein by reference. / 

: swelling core embodiment generally 

; operates ^ foljoWs. After bral Ingestipn, the pH-trigger coating, which 
v:; : s coating, which in turh suntunds the 

, '/azithromybin-cb'ntalnin cor^ tablet or bead, remdns undissolved and intact 
■ .in theirtom^ notoommende ; 

!^ penetiBtidri through the pH-trigger coating and the semipenneable cpating, 
thus starting hydi^idn of the core, which contains azithromycin and water- 
; ;.Uweijable material, pre a hydrogel. When the pHrtriggered bursting 
f core devide exits the stomach and enters the small intestine, the / ^ 

y p^ disintegrates and dissolves, and water passes 

;30 through the isemlperhieable coating, dissoMng lazlthrbmycin and swelling 

V tiie water's^ the core. As the swelling pressure across 
vthe semipen^^ value, the 

semiperniiiat>ie cpatjng fails, and the device bursts, releasing azithrdmycin. 
: • ; It 16 prefenriBd thsft this bursting and release of azlthroi]rTycin occur at about 15 
3$ ; >miiiutes di" mof^^^^^^^ 30 minutes, after the pH-triggered 
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. bursting swelling core device exits the storriach and enters the duodenum, 
thus minimizing exposure of the sensitive duodenum to azithromycin. 

For the "pH-triggered bursting swelling core" device, the lag-time or 
delay-time can be controlled by the choice and amount of swelling nriaterial 

5 in the core, by the choice of semipermeable coating, and by the thickness of 
the semipermeable coating. It will be appreciated by those skilled iri the art, 
for example/that a thicker semipermeable coating will result in d longer ; : 
delay after the device has exited the stomach. A preferred pH-triggered 

' ;[ bursting swelling core device contains a bead or tablet core of az|tHromycin 

10 with Synthetic hydrogel, preferably carboxymethylcellulose, coatcsd with a 3- 
20% by weight cellulose acetate membrane, coated with a 3-20% by weight 

. membrane composed of about 1:1 cellulose acetate/cellulose acetate 
phthalate. Another preferred pH-triggered bursting swelling cone device 
contains a bead or tablet core of azithromycin with synthetic hydrogel, 

15 preferably carboxymethylcellulose, coated with a 3-20% by weight cellulose 
acetate membrane, coated with a 3-20% by weight membrane coniposed of 
from about 9:1 to about 1 :1 Eudragit-L®/Eudragit-S®. 

Advantageously, because the a pH-triggered bursting swelllrig core 
device possesses a mechanism for sensing that the device has exited.the 

20 stomach, interpatient variability in gastric emptying is not significant. ,. 

in a further embodirnent, an "enzyme-triggered supported liquid 
membrane device" comprises azithromycin fonmiilated in a dosage form of 
the type described in Intemational Application PCT/ US93/07463, published 
as WO 94/12159 on June 9, 1994, herein incorporated by reference. Thiis 

25 embodiment generally has the form of a tablet or bead containing 

azithromycin and excipients, a microporous hydrophobic support rnembrane 
that at least partially surrounds the beneficial agent, and a hydix)phobic ; 
liquid entrained within the pores of the support memt)rane. Altematiyely, the 
azithromydn and exdpients may be incorporated into a capsule shell which 
: 30 'coniprlses a micrqporous hydrophobic membrane with a hydrophobic liquid 
entrained within the pores of the capsule shell. The hydrophobib liquid is : 
substantially impermeable to both the aqueous environment and the 
azithromydn tablet or bead core formulation. The hydrophobic liquid is 
capable of change such that It becomes substantially pernieable to the 

35 aqueous environment or azithromydn formulation. After ingestion of this 
I .emt}odiment by a mammal, including a humsm, azithromyciri release into the 
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r: gastitiriitestihal syistem is delayed until abbut 15 minutes or nriore^ preferably 
; ; about 30 niiriutes, alter the dosage form has exitied the stomach and moved 

irito the duodenum. . • /■■■/■ ':. 

\ y,.s :^:r'^\Ti'an azithrprhycih enzy'me-iriggered supported liquid menibrahe 
5^ / device, the supported Hydrophobic liquid is preferably a iiquid which 
^ - u^^ cataly2;ed in the lumen of the 

;v ;sn^^ not in the stomach. Exemplary hydrophobic liquids are 

' itngiycerides. fErtty anhydrides, fatty acid esters of cholesterol, hydrophobic 
: amino add esters, and the like. Preferred triglyceridies include triofeih, 
10 tncaprylin, tHlaun'n, olive 0^ oil, coconut oil, sesame seed ioil, corn pil, 
!: peanut oil, soybeian oil, and this like. Preferred fatty acid anhydrides include 
; ^ caprylic anhydride, lauric anhydride, myristic anhydride and the like. 

Mi>^^^ be used. Exempiaiy materials for the 

:: : micro hydrophobic support membrane include cellulose esters, 
15. pdlyCari}dnat6s, pplyalk^ries, polystyrenes, polyvinyl esters, polysiloxanes, 

V pdlyacrylates, and polyethers. Preferably the hydrophobic nticroporbus 
f niembrahe wHh ei^^ hydrophobic liquid is impermeable to 

; 'a^^ gastrointestinal enzymes have Catalyzed a change in the 

. . hydrophobic bii, as descH 

20 ' V;. ; V : In :the. environment of usie, i.e., the small intestinal lumen, lipases and 
k leisterases degrade thie aforementioned hydrophobic oils, releasing ' 
v I isurfacte .. ' . 

; , : embodiment, thus producing aqueous chiahhels through which the 

25 ; hydipphbbic support membrane. Release of the azithromycin may occur by 
Simple diffusibri, osmotic pumping, osmotic bursting, or by bursting due to 
the pr^^ence of a swejlable material, e.g.rhydrogel. In the azithromydh- 

;^^^:/;^ 

■ , In an a:^hrbrriycin enzyme-triggered supported iiquid membrane 
30; device, hydrophbbic pits may be used which are sub^rates fpr small 
■ intestinal prpteaiise^ such as Carbbxypeptidase and chymbtirypsin. 

: : : -E 

• : ; iri a furt^^^ a "bacterially de^gradable coating devipe', 

H:^^ with a material which is 

35 - substentialiy impermeable tp azithromydn in the stoma^^ small 
: v intestiriei the cbating rhaie^^ by bacteria or by 
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bacterially-released enzymes (e.g., azo reductases) in the colon, thus 
releasing azithromycin. Upon degradation of the coating rnaterial in the 
colon, azithromycin is released. Embodiments of this design miriimize 
exposure of the sensitive upper (duodenal) region of the small intestine to 
5 azithromycin. Examples of coating materials of this embodiment are 
polymers from ethylenically unsaturated monomers, crosslinKed by a 
substituted or unsubstituted divinylazobenzene, as described in US Patents 
4,663,308 and 5,032,572, each herein incorporated by reference. Other 
examples of coating materials of this embodiment are degradable ' 
10 polysaccharides such as pectin and alginin, and mixtures of these ' : 
degradable polysaccharides with film-forming polymers such ias 
ethylceilulose, methylcellulose, hydroxypropylmethylcellulose. and the like. 
Polysaccharide coatings of this type have been disclosed in Depastcali et ai, 
EP-485840; |n Roehr and Steinicke, bD-296840; and in Ashford and Fell; 
15 Capsugel Symposia Series; Current Status on Targeted Drug Delivery to 
the Gastrointestinal Tract; 1993; pp. 133-142. 

Examples of a bacterially degradsible coating device include a bead 
or tablet core which contain about 25-90% azithromycin with additional 
tabletting aids such as binders and lubricants, coated with an sizo-polymer 
20 or polysaccharide membrane whose weight corresponds to from about 5- 
80%, preferably 1 0-50% of the weight of the tablet or bead core. 

in a further embodiment, a "swelling plug device", azithromycin and 
appropriate excipients and carriers are incorporated into a non-dissolving 
capsule-half which is sealed at one end by a hydrogel plug. This hydrogel 
25 plug swells in an aqueous environment, arid, after swelling for a 

predetermined time, exits the capsule thus opening a port through which the 
azithromycin can leave the capsule and be deliveriBd to the aqueous 
: environment. Prefen'ed hydrogel-plugged capsules are those which exhibit 
substantially no release of azithromycin from the dosage fonm until the 
30 dosage form has exited the stomach and has resided in the small intestine 
for about 1 5 minutes or greater, preferably about 30 minutes or greater^ thus 
assuring that minimal azithromycin is released in the duodenum; Hydrogel- 
. plugged capsules of this type have been described in patent application 
WO-90/1 91 68, which is incorporatied herein by reference. Ah azithromycin 
35 swelling plug device may be prepared by loading azithromycin into a non^ . 
dissolving half-capsule shell which may bie formed from a wide variety of 
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v; ' poly(methylifnethaciy polyvinylchibridel jsoiystyrene, polyurethanes, 
^ : ;p poiyestersVcellulose 
' acetate, and nitrocellulose. The open end of the capsule shell is then : 
5 "^piugged" vHth a (^lihdrical piu0 fonned from a hydrogel-forming material, 
c; including but not lim|ted to, a liomo- or c(^poly(alkylene oxide) crosslinked 

by reaction with isoc^ahate or unsaturated cyclic ether groups, as descrit>ed 
y in PCT; Application^ W the composition arid length of the 

y hydrogel "plug" |s selected to rninimize release of azithromycin to the 
10 ; stibmach and duod^ decrease the incidence and/or severity of 
gastroiritestinai side effect! The plugged capsule-half Is finally sealed with 
a w^errsoiubl^, ie.g., gelatin, capsule-half placed over the hydrogel-plUgged 
end of the azithromydn-^^ non-disisolving capsule-half. In a 
f preferred erhbddinient of the "swelling plug device", the sealed device is 
15 .coated With a "pHrserisitive enteric polymer or pplymer mixture", for example 
ul; ; v\ . ; c methacrylic add and 

J| : :m^^ The weight of the enteric polymer coat will geineraljy be 

A; :. -iif^ 2-20%, preferably from 4-15% of the weight of the uncoatedsea^ 
M : : . capsule. When this preferred "enteric-coated swelling plug devic^" isi. . 

20 ingestki orally, the enteric coat prevents re iri the 

/ stomach, the enteric coat dissolves quickly, e.g.^ within about 15 minutes, 
; in the dubdenuni, triggering swelling of the hydrogel plug, exiting of the 
pi ^ ^^^o^^^^: ; 1^^^^ plug, and release of the incorporated azithromycin into the 
Q / , ; gk^irrtestinal tract at a time greater than about 15 minutes after, and 
^''S.-^y:0. 25 ; ■ preferably greater than abbut 30 minutes after, the dosaige form has passed 

- f^ into thei dubdenurn. Prototype unfilled "swelling plug 

; c^^^^/^^^ r may be bbt^ned from Scherer DDS Umrted, Clydebank, Scotland, 

under the desigrisitipn "Pulsiricap™". 

■;\--30 i y.:;::^'''^}lt will be appredatbd by those skilled in the art that the various coated 
; ai^hrbrhydh tablet, bead, and particle erhbodiments described above can 
/^^^,^.^(v^:^^^;^V^^;^ ; M equipment, such as pan coaters (e.g., Hi- 

5 ippater availabib; from Freu Corp; Accela-Cota avsuliabie from Manesty, 
- V ": : " Liverpool), fluidized bed co^^^ Wurster coaters, (available from Glatt 
\'.,~\S'-r ' v'^' Corp, l^arhsey, Columbia, MD), and rotary ' 

V • • ^ranulatbrs.^.g!, CFrGrariulatbr (available from Freiind Corp). Core tablet^ 
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are made on standard tablet presses, such as a Kiilian press. Azithromycin 
containing beads and particles are made in fjuldized bed ^ranulators, rotary 
granulators, and extruder/spheronizers. 

Delayed release embodiments of the invention are solid : 
5 dosage forms for oral administration comprising azithromycin and a 
pharmaceutically acceptable earner/which release hot more than 10% of 
their incorporated azithromycin Into a rnammal's stomach, and which 
release not more than an additional 1 0% during the first 15 rriinutes after 
entering said mammaPs duodenum. The timing of release of azithromycin In 

10 the stomach or duodenum may be tested utilizing a variety of approaches 
. including, but not limited to, x-ray evaluation, nuclear magnetic resonance 
Irtiaging, gamma scintigraphy, or direct sampling of the gastric and > 
duodenal contents via intubation. These tests, while possible/ can be very 
difficult to carry out in humans. A more convenient test for a delayed release 

15 embodiment of the current invention is a two stage in vitro dissolution tesA, 
which incorporates a 1 5 minute test of azithromycin release in a simulated 
gastric fluid, and a 15 minute test of azithromycin release in a simulated 
intestinal fluid. This two stage in vitro test for a delayed release dosage form 
is described in more detail below. For certain delayed release j : \ 

20 embodiments described in this disclosure, release of azithromycin is ; 
"triggered" by the presence of pancreatic lipase in the duodenum. For in : 
. vitro evaluation of lipase-triggered delayed release dosage forms, 5 rrig/ml 
porcine pancreatic lipase (Sigma Chem., St. Louis, MO) is included In the 
dissolution medium for the second stage of the dissolution test. : 

25 The invention will now be illustrated by the following examples which 

are not to be taken as limiting. In general, the examples demonstrate the 
Inddence of gastrointestinal side-effects upon oral, IV, duodenal, and ileal- 
cecal dosing of azithromycin and the preparation of controlled-r^lease 
doisage fonms of azithromydn within the scope of this invention. 

30 . ." ■■ . ■ ' . ■■■■ •• ' 

In the examples which follow, the following definitions and tests have 
been employed: 

1 . "Q" is used to designate ia quantity of azithromydn either in mg or 
in percent (%), as indicated. The Q is associated with a time or "pull point" at 
35 . which an indicated aliquot of solution was removed for assay of 

azithromydn, the time of removal or pull point being indicated in hours as a 



; subsc'^pt Thus, a "Q0.25" of 15 mg means that 15 mg of azithromycin was 
; : 2. Speclficjallon of a quantity in percent (%) means percent by weight 

^V- b 

5 : > 3. '•Eudragit® " is the registered tradem 

'^^^^ : G^^ 

^/P'-^ : 4. "^^^ the registered trademark of Colbrcon inc!, West Point, 

: ;;PA for a Mrtiily of plasticized cellulose ethers which include hydroxypropyl 
; m^^ and methylcellulose that are 

10 suppiied as ppwdeirs for nBconstitution In water. : ' 

: 5. : "Surelease® " is the registered trademark df Colorcon Inc., West 
'■y Poirn, PA for an aquedus, fully plasti(^l^^ polymeric dispersion of 
•■;'^;..';^hylcel!ulose. > ; .^:'-'.:,v' ; ; 

• 6. "rngA" is an abbreviation for "milligrams of active azithromycin".. For 
15 exarhple, "250 rng A" means 250 mg of active azithromycih". V 

Vj- "X nrigA of multiparticulate" (vyrherei X is a humtser) means the ' 
' amount of m'ultiparticulate containing X mgA. For example, "250 mgA of 
p]::. multiparticulate" means the weight of muttipartidulate contairiing 250 mgA. ; 

'2D''-':'0y:,;:^.. "Use en\nronment" means the aqueous environment of the 

gastrointdstinal traist. 
r■i:l■'\■;'l:^■'■'{''^0^ In Vitro Dissolution Tesfs The following two m Wf/o tests can 
: ;; b^ screen susti^tied release and delayed release embodiments of 

: }this invention for /n vivo suitsd)ility. If a particular dosage form satisfies the 
^ pilteria disclosed below for either test, it is within the scope of the invention. 
':p-^^ ■' p: ::3ustain^ Release Dosage Tesf: Sustained release dosage : 
:tpiiTis of azithromydn ame tested iri a stEuidard USP rotatihg psuddle 



: ipissqiutioh test Chapter 71 1 , Apparatus 2. Paddles are rotated at 50 rphi V 
Sd vai^ tiie cib^li^ is dpnducted in, as the test medium, 9(K) mL of pH 

6.0 sodium dihydrogeh phosphate buffer at ST'C. If csgssules are used, then 
> I0.I nrig/rhL of the en2^nrie^^ must be iadded to the buffer. At indicated 
. : tirne^ test initiation (iie., insertion of the dosage form irito the 

: appsirEdus), fitt^^^^^ aliquots (^pically 5 dr 1 0 mL) frbm the t^st medium are 

.35''-.- 



: (HPLp) as disclosed below. Dissolution results are reported as mg 
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azithromycin dissolved versus time. Sustained release dosage forms thait . 
meet the following criteria are within the scope of the invention: (1 ) Qoias ^ 
200 mg azithromycin dissolved; (2) Qi ^ 500 mg azithromycin dissolved; (3) 
Q2 ^ 1 000 mg azithromycin dissolved; (4) CU ^ 1 .500 mg azithromycin 
5 dissolved; and (5) Qe ^ 2000 mg azithromycin dissolved, where Q is as 
defined above. 

Delayed Release Dosage Test: Delayed release dosage forrns 
of azithromycin are also tested In a standanj USP rotating paddle apparatus 
as specified above. The test is modified from that given above. Paddles are 

10 rotated at 50 rpm and dissolution is conducted in two stages at St7°C. A first 
add stage is implemented by Inserting a delayed release dosaige form irito 
750 mL of O.i N HCI acid media. At 15 minutes, a filtered aliquot of tast acid 
media is analyzed for azithromycin content by HPLC. A second stage is 
implemented immediately following the first stage by adding 250 mL of p.2M 

15 tribasic sodium phosphate buffer, thereby converting the acid media from 
the first stage to a buffer having a pH of about 6.8. If the measured pH is 
plus or minus more than 0.05 pH units from 6.8, It should be suitably 
adjusted by adding alkali metal hydroxide or hydrochloric acid (each 
typically 2N), as appropriate. At 1 5 minutes after addition of phosphate 

20 buffer, ia second filtered aliquot of test medium is analyzed for azithrohycin 
content by HPLC. Dissolution results are reported as % azithrbmydri 
dissolved versus time. Delayed release dosage forms that meet the " 
following criteria are within the scope of the invention: (1) Qp.25 < 10 % 
azithromydn dissolved; and (2) Q0.5 < Q0.25 + 10% azithromydn disfsplved. 

25 The test is reliable for dosage forms containing up to 7,000 mgA. 

The criteria in each test are also referred to in the Examples a;^ : 

"dissolution criteria". 

11. HPLC Ooanf///caf/on: When conduding either of the /n wfrt) 
dissolution tests described above, azithromydn is quantifictd by reverse- 

30 phase high perfomiance liquid chromatography and eledrochemical 
detection as follows. An aliquot of test solution is filtered to, remove 
particulates and diluted to a target concentration of approximately 3 )ig/mL 
A fixed volume of 50 ^L is injeded onto a pre-column (5 cm x 4.6 mm 
diameter) with a 5 micron spherical alumina (80 A diameiter pores) biased 

35 hydrocartjonaceous stationary phase (Gamma RP-1, ES Industries, Berliri, 
N J). The pre-column is followed by a 1 5 cm x 4.6 mrn diameter cdlurnn . 
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i56nfaining the sa^^ chromatography system is : 

-substaritiaiiy as descnbed in S et aL, J. Chromatography, 565: 321- 
; : ; 337 (1991). An isocr«ic rnobile phase consisting 6t 72 % 0.02M potassium 
; p^^ buffer arid 28 % aceitonitriie (v/v, final pH of 11) lis 

5 lemployed at a floW rate of 1.5 rhL/rnin. The electrbchemloardetector 



; ii^i detectpr, BIbanalytlcail Systems^ Wefst Lafaiyette, IN) joperallng In the • 
: /r? oxidative sch^ with the reference electrode s<?t at about +6.7 V arid 

; • the worWhg electrode set at about +0i8 V. In sustained-releasiB test media, 
. , 10 actual quaritifib^ azithromycin is effected by comparison bf sample 
■ rchromatbgrarti peak height ratio relative to diphenhydramine intemal ; 
; :.s^^ an azithromycin standard chromatogram peak height ratio 

> 1 -v ; ^als^ intemal standards In delayed-release ^cid) test ; 

' ■ C rnedia, beca azithromycin can hydrplyze in add media to 
; i is ; desbsamiriyiazithromycin, the amount of dissolved aathromyciri which had 
7 ' hydrolyzed is determ arid converted to its equivalent as azithromycin 
(bdnyersion factoi", 1 .26). In delayed-release test media, diphenhydramine is 
■^'-■''■■'■■■■'}'<::y agin employed as an internal peak height reference standard for both 
Ul f , V ;saini)le kri^ standard 

;^,:<v^^.:;20;.;Chromatbg ['■■■'■'■: 
12. Where ho Value is given in the Tables, it was riot determined. 



Example 1 



25 ; a sirtiilar iridd^ of gastrointestinal side effects, whether the 2 g is given 
r^-'/.:'' !asa sirigle oral cfose or ias eight 250 mg doses, given as 250 mg eyery haif- 
:'yv^hbui'fbr'3.5.hr.;/ ' ' • ■ .;■■[ 

'■^^'^^'■:}■'.:^/■:^:■y\t\'a double-blirid, randomized, placebo-controllckl parallel group 
^^^^^ : ; s^^ divided Into three groups. Group A 

30 rbM^^ 2 g aizithromycin dose as eight 250 mg sfzithromydn 

; " c^kules ("bolus dosing'' group). Group B received the same total dose, 
^ : . a mg capisules at the rate of one 250 mg capsiule ., 

I :^abh 30 minutes for 3.5 hr ("divided dosing" group). Group C received ; , 

. ; ^^nialchirig p^ All subjedtis recieived eight capsules bf drug of 

:35 piac^bb at lime 0, arid a capsule of drug or pletcebo every half-hour for 3:5 

■ ? hf; 'All subiedts were dosed after an overnight fa^ Blood samples were 
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withdrawn prior to dosing, and at 0.5, 1 , 1 .5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 1 6, 24, 
48, 72, 96, 144, 192, and 240 hr post-dosing. Semm azithronfiycin 
concentrations were determined using the high perforrnance liquid 
chromatography assay described in Shepard et al.. J. Chromatography, 
5 565:321-337 (1991). Total systemic exposure to azithromycin was 
determined by measuring the area under the serum azithromycin 
concentration vs. time curve (AUC) for each subject in a given group, and ; 
then by calculating a mean AUC for the group. Cmax |s the highest serum 
azithromycin concentration achieved in a subject. Tmax is the time at which 

10 Cmax is achieved. Serum pharmacokinetic data for this example are 
presented in Tsdale I. 

Prior to dosing and each blood sampling time, each subject filled out 
a questionnaire, which consisted of a series of "Visual Analogue Scales" in 
which the subject was required to rate, on a scaie of 0-10, the severity of 

15 certain potential side effects. The subjects were instructed that "0" indicated 
an absent effect and "10" indicated the worst possible effect. The subjects 
were instructed to interpolate between 0 and 1 0 for moderate side effects. 

A total of 45 subjects completed this study: 16 on placebo. 1 5 on 2 g 
single dose, and 14 on 250 mg dose every half-hour for 3.5 hours: For four 

20 side effects evaluated at 20 time points, a total of 3600 individual visual- 
analogue-scale evaluations were obtained. 

Analysis of side effect visuai-analogue-scale data was carried out in 
two fonnats. In the first format (Table II), the analysis concentrated op the 
general inddence of side effects of a particulartype. For each side effect 

25 type (e.g., abdominal pain), Table II reports the number of subjects who 
reported a score >1 at any time during the 240 hr jsost-dosing, and the 
number of subjects who reported a score >4 at any time during the 240 hr 
. post-do^ng. This analysis assumes that all scores >1 represent a real side 
effect occurrence, however mild or severe. A score >4 is presumed to reflect 

30 a moderate-to-severe side effect occun'ence. 

In the second formal (Table III), the analysis reflects the geneml V 
severity and duration of side effects. For a particular side effect (e.g., 
Abdbrninal Pain) in a particular subject, all visual-analogue-scale scores ' 
(over the 240 hr post-dose period) were summed to give a "cumulative 

35 score" over the entire time period of evaluation. "Cumulative scores" for all 
■'. memberis of a treatment group were summed, and divided by the number pif 
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;. ; s^bje^^ In th^ group, to give a Meian Cumulative Score. The scale of this 

: Mean Cumulative Score does hot correspond to the original O-iOi scdie, 
; : ; ; sinbe it reflects the summation of all hon-zerb scores ovef the entire 
r evaluation period. Table III preseirits Mean Cumulative Scores for 
:5 r^pminarpaiti, nausea^-r^^ 

Jable I demonstrates that the total systemic azithromycin exposure of 
^> ; 1^^^ AUC, was slniiiar. Forthe divided 

: dosing group, Cma^ wias lower and Tmax was longer, as expected because 
■ : hr, ratherthah in a single bolus dose. 

10 - : ' Tabte II demonstrates that abdominal pain, nausea, and abdominal 
cramping were frequent side effects for a 2 g bolus dose, while regurgitation 
|)yas r)pt; Diyided dosing over 3.5 hr gave a similar side bffect ihcidehce •; 
: . p^^^ demonstrates that the overall severity o^ azithromydn- 

[nduced side effects was similar for the bolus-dosing and divided dosing 
15'. 'treatnients.' 

^^^^^ , 1^^^ In Table il and fable III deniohstrate that 

delivering a 2 g dose at a rate of 500 mg/hr does not result in a greatly 
;: impi-oved side eff^ compared with a sinigle 2 g bolus dose. The , 

\ dose was administered in this example ' 

20 re|5ulted jfi exposure of the upper gastrointestinal tract, i.e., the stomabh and 

:;v:;--::^?-w-^'^^^7/ 1'^-^ Tattle !. 

Azithromycin Pharmacokinetics For A 
: 25 2 g Dose ^iyen as a Single Dose, or as Eight 250 mg doses every Half-Hour 

for3.5 Hours (mea^ 



TREATMENT 


Cmax 
(M/mj) 


Tmax 
(hr) : 


AUCo-144 
(ug-hr/ml) - 


2 g single 
dose V 


1.69 


1.3 ■ 


18,8 


250 Mg per 
haifthrfor3.5 

hr ■ ■ 


1-13 


"4.4. .f ■•• 


18.9 
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Table II . 

Incidence of Visual-Analogue-Scale scores exceeding i or 4 at any time 
during the 240 hour post-dose evaluation period, for the side isff^cts 
abdominal piain, nausea, regurgitation, and abdominal cramping. 
5 Compares 2 g bolus dose vs. eight 250 mg capsules dosed every 
half-hrfor 3.5 hr. 





Abdominal 
Pain 


Nausea 


Regurgitation- 


Abdominal 
Cramjsing 


TREATMEN 
T 










^ ■ 








Placebo 


0/16 


0/16 


p/16 


0/16 


0/16 


0/16 


0/16 [ 


1/16 


2g 

single dose 


6/15 


2/15 


2/15 


1/15 


0/15 


0/15 


6/15 


1/15 


250 nf^ per 
half-hrfor 

3JS hr 


6/14 


1/14 


3/14 


0/14 


0/14 


0/14 


4/14 


0/14 


Note: Result 


s repon 


ted as (#patients reporting score )/ (total # patiem 


s). 



10 

lalalsJU. - MEAN GUMULAT^^ 
Meaii Cumulative Visual Analogue Scale Data for the Side Effects ' 
Abdominal Pain, Nausea/ Regurgitation/and Abdominal Crafnping, ov^r the 
entire 240 hour post-dose evaluation period. See text for explanation of 
15 "mean cumulative score". 



TREAT- 
MENT 


n* 


Abdominal 
Pain 


Nausea 


Regurgi- 
tation 


Abdominal 
Cramping 


Placebo 


16 


0.19 


0.25 


0.06 


1.19 


2 g Single 
Dose 


15 


6.4 


1.93 


0.53 


4.67 


250 Mg/ 
half-hrfor 
3.5 hr 


13 


6.31 


2.77 


1.38 


4.46 ; 



* number of subjects averaged 



20 Example 2 

This example demonstrates that dosing of 2 g azithromyciri directly to 
the human duodenum results in a higher incidence and severity of 
gastrointestinal side effects than observed when azithromycin (2 g) Is dosed 
directly to the Ileocecal region of the small intestine. This example suppbrtsf 



• -iH-f^^^ 47 • '. ■ ; • ■ • . : , v 

V- ^ ■ Y the incidehbe arid severity of azithromycin 

v^^^^. -K^^ be reduced by decreaising the exposure of / . . : , 

. :V l^^^^^r^^^^^^'?^;^^^^ orthe ■■ /^y 

h ■ reigion of the small intestine does not result iri any loss of systemic 

j^v ; / ; }^ 

; > . • 
^; • fe^^ a 2 g 9zithromycin dose adrnlnistered directly into the duodenum 

■ intothe ileoceicar region of 

^^^i'^^^^^^^^ \ t^ The nasoenteric tube was a 

\ ' single lurrieh, 4.5 meter tiibe with a side port for delivery of drug. Placement 
, - • p^^^ and ile()cecal dellveiy wias confinned by ; 

^; flubroscojpy.' Infusions to the duodenum or Ileocecal region were 

v mg/ml Within 5 rhmutes. All subjects . 

yl /;;:^:^ ^^^^y^^^^^^^^^ Subjects were randomized to receive 

i^l i I, . : via nasderiteric tube and intravenous infusion in a 

Q;^^;;/: . .V controljed fashion. Two weeks later, subjects Were 

t^^A^^^^ • r. ■ ■ 

H ; : 20 "Blood samples were withdravw phor^^^ arid at 0.08, 0.17, 0.33, V 
g^^^^^^^^^;^^'"^^ ; • 6^^^ 2, 4, iB, 12, 24, 48, 72, and 96 hr post<losing. Semm azithromycin , 

IJI v^^^^ et al., J. Chroriiatogrs^jhy, 

^ v ^; :-"-i.::-.-''-::^::S65: 32i-337;(t991 ). Total systemic exposure to azithromydn was 

p. ?^ 25';, : 

v^^V^ • . ^ curve (AUC) for each subject in a given group, and 

; : : ■ .then by calculating a mean AuC forthe group. Cmax Is the highest senim 
:;:::: }^y^3^^ cbhcentration achieved in a subject, tmax isthe time iatt which 
V; v Semrn phanriiaTOkirietic data for this 

\ -J-; > presented In Tsible IV. In one leg of this study, all subjects received an 

; :! and ileocecal bioavailabilities, 

.V;a^;'desidribed'beldw: :-y-- . ' .. - . ■ ■■' -.. r.' ' 

y i : each blood sartipling time, each subject filled oiit . 

• V ■"}:-^;;^^:y35 ; a questionhairiBi which consisted of a series of "Visual Analogue Scales" in 
{^l:':::' -;] ■ ' if yWhich the subject wa^ required to rate, on a scale of 0-1 0, the severity of . 
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peilain jabtemial side effects. The isubjects were instmcted that 
an absent effect and "1 0" indicated the worst possible effect Th® subjects 
. were instmcted to interpolate between 0 and 10 for moderate side.effects/ 

A total of 1 1 subjects completed this study: 5 on duodenal dosing and 
5 6 on ileocecal dosing. For four side effects evaluated at 14time points, a 
total of 616 individual visual-ahalogue-scale evaluations were obtained. / 
Analysis of side effect visual-analogue-scaie data was carried out in 
two formats. In the first format (Table V), the analysis concentrated on the ; 
general jnciderice of side effects of a particular type. For each side effect i 
10 tyjDe (e.g., abdominal pain), Table V reports the number of subjeicts who 
reported a score >1 at any time during the 96 hr post-dosing, and the ; 
^ number of subjects who reported a score >4 at any time during the 96 hr 
postKlosing. This analysis assunies that all scores >1 represent a real side 
effect occurrence, however mild or severe. A score >4 lis presumed to reflect 
^ 15 a moderate-to-severe iside effect occurrence, 

g In the second format (Table VI), the analysis reflects the general 

^ severity and duration of side effects. For a particular side effect (e.g;, ^ 

Abdominal Pain) in a particular subject, all visual-analogue-scale scores 
n (over the 96 hr post-dose period) were summed to give a "cumulative score" 

^ 20 over the entire time period of evaluation. "Cumulative sc?ores" for all 

^ members of a treatment group were summed, and divided by the number of 

(jl subjects in the group, to give a Mean Cumulative Score. The scale of this 

nl Mean Cumulative Score does not correspond to the original 0-10 scale, 

since it reflects the summation of all non-zero scorers over the entire 
q 25 evaluation period. Table VI presents Mean Cumulative Scores for ; " 

abdominal pain, nausea, regurgitation, and abdominal cramping. 

Table IV demonstrates that the absorption of a duoderialiy ; ^ 
administered solution dose of azithromycin is fast, as evidenced by a short 
Tmax of 0.3 hr, and a high Cmax. Ileocecal dosing resulted in slower 
30 absorption, with a measured Tmax (1 .39 hr) which is similar to the Tmax 
observed for oral capsule dosing in Example 1 (1.3 hr; Table I); The overall 
systemic exposure to drug (AUC) was 15% lower for ileocecal dosihg 
compared with duodenal dosing. When compared to intravenous doising in 
the same subjects, the bioavailability for duodenal dosing was 43.iB%, and 
35 the bioavailability for ileocecal dosing was 39.1%; where bioavaila^^^ ; 
e^g., duodenal bioavailability, is defined as AUCciuodena|/AUCjv x 100.: 
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15 



was slightly larger 

than the brarbipay^l^bility o^ which is typically . : 

;about 38%.; : The bloavallabil^^ of the ileobecal azithrbmycin solution was 



. Table V (same forrhat as Table II) demonstraties that the incidence of 
gastrointestinal si generally higher for duodenal dosing than Ypr 

ileocecal dpsiiig^Table^^V^^ 

^gastrointestinal side effects was higher for duodenal dosing than for 
ileocecal dosing: ..- 

^: Table IV. •■• 



dubdenar:(n=5) or ileocecal (n=6) region of the small intestine via 
nasoenteric tube (rnean values). 



fc=p ^ ; . ; 


TREATMENT 


Cmax 


Tmax 


AUCo.96 






(ng/ml) 


(hr) 


(M«hr/ml) 


y-j : *; • 


Duodenal 


3.24 


0.3 


17.0 


'^i ■ .: ' .* ' ; 


Ileocecal 


0.77 


1.39 . 


14.5 



■ ■■■■^}-:::--. :}:^rl--.i--> Table v. ■ - 

; Inddehce of Visual-Anaiogue-Scale scores exceeding 1 or 4 at any time 
20 / jdurihg the 96 hour post-dose evaluation period, for the side effects 
. : Ikb^ pain, nausea, regurgitation, and abdominal cramping. 



25 



and ileocecar(n=6) regions of the small Intestine, 





:ABDOMirMAL 

y ^PAIN 


NAUSEA 


REGURGITATION 


ABDOMINAL 
CRAMPING 


TREATMENT 




>4 


>1 


>4 


>1 


>4 


>1 .- 




Duodenal 


;:4/5 • 


0/5 


2/5 


1/5 


3/5 


0/5 


5/5 


0/5 


llecK^eciEil . ■ ' 


2/6 


0/6 


?/6 


0/6 


0/6 


0/6 


2/6 


0/6 
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BifelfiVI. MEAN CUMULATIVE SCORE 
Mean Cumulative Visual Analogue Scale Data for the Side Effects ' 
Abdominal Pain. Nausea, Regurgitation, and AbdominarCfampIng, over the 
entire 96 hour post-dose evaluation period. See text for. explanation of . . 
5 "mean cumulative score". Dosing of a 2 g azithromycin solution was directly 
into the duodenal or ileocecal regions of the small intestine. 



TREATMENT 


n* 


Abdominal 
Pain 


Nausea 


Regurgi- 
tation 


Abdomirial 
Crampirig 


Duodenal 


5 


13.4 


11.6 


7.2 


13.2 


Ileocecal 


6 


2.7 


2.0 


0 


;-:-^3.3 



* number of subjects averaged 



10 * 

Example 3 

This example demonstrates that, when azithromycin is dosed 
: intravenously, the incidence and seventy of gastrointestinal side effects |s 
low, compared with the incidence and severity of gastrointestinal side 
15 effects resulting from oral dosing at an equivalent dose. These observations 
support the conclusion that the gastrointestinal side effects of orally dosed - 
azithromycin are locally mediated in the gastrointiBStinal tract by direct 
contact between the orally dosed drug and the intestinal wall, and do not 
result primarily from effects related to the presence of azithromycin in the 
20 systemic circulation. 

Healthy male subjects were divided into four groups. Group A 
received a 2 hr intravenous infusion of a placebo solution (0 g azithromycin). 
Group B received a 2 hr intravenous infusion of a 1 g dosie of azithromycin. 
25 Group C received a 2 hr intravenous infusion of a 2 g dose of azithromycin. 
Group D received a 2 hr intravenous infusion of a 4 g dose of azithromycin! 
Based on an oral bioavailability of 37%. these intravenous doses of 0, 1 , 2. : 
and 4 g are equivalent to oral doses of 0, 2.7, 5.4, and 10.8 g, respectively. 
All subjects were dosed after an overnight fast. 
30 Blood samples were withdrawn prior to dosing, and at 0.25, Q.5, 0.75, 1 , 
1.5, 2, 4, 8, 12, 18, 24, 72, 96, 144, 192, and 240 hr post-dosing. Serum 
SLzithromycin concentrations were determined using the high perforniance 
liquid chromatography assay described in Shepard et al., 
J. Chromatognaphy, 565: 321-337 (1991). total systemic exposure? to 



''':r-'y.Vi ' yf6-9SJ3(kii-';^^ ' ■ ' ■pct/ib95/oo264 . •■ 

J .h^..' s Was deterrhihdcl by measuring the area under the serunri . ; 

■ ^ /: £cithromydn concefrtra^^^^ vs. time curve (AUC) for each subject in a given 
group, and then by c a mean AUC for the groups Cmax isthe 

. r • concentration achieved in a subject. Tniaxis ;: 

5 the time at which Griiax is achievisdi Seruni phamfiacoJdhetic data for this 
V : example are preserfted in Table Vll. ; ,[ 

; subject filled out 

v 4 questibrjriaii^; which^M of a series of "Visual Analogue Scales" jh 
• sutiject Was required to rate, on a iscale of 0-10, the severity of . 

. W Instructed that *0" fndicgited 

; ; kh worst possible effect. The subjectis 

X c i X w0re mstructed to interpolate between 0 and 10 for moderate side effects. 
• "' A totajl of 22 subjects completed this study: 5 on placebo, 6 at 1 g 
^v.- ; : azithromycin total dose, 6 at 2 g azithromycin total dose, and 5at4g 
J; ; ■ IS^^^^a^^ tot^ dose. For four side effects evaluated at IStinie points, a 

W r r V : V^^^^^^ of 1 ,584 individuai v^ evaluations were qbtajned. 

; ; ' f : Analysis of side effect visual-analoguei-scale data was carried out |n 

Q ; t^^ formats. In the first format (tab|e VIII), the analysis concentrated on the , 

W^^^^^^^^-;^^^^^;^^! : For each side effect 

P ■ 20 type (e.g.. at)dominaj paih),^ vm reports the number of subjects who 

4. -i^^^^^ a store >1 at any time during the 240 hr post-dosing,' and the 

Oi number of subjects who reported a score >4 at any time during the 240 hr 

■ : p aissumes that all scores >1 represent a real side 

Q : ; • ^effect 6c^ A score >4 is presurhed to reflect 

O .••'■25 a moderate-to-seyere side effect occurrence, 
ix X 1" ^^'^Q second forrhat (Table IX), the analysis reflects the general 

5 ;; seyeii^ duralibn of side effects. For a particular side effect (e.g., : 
f^^^^^^/r^^^^C all visual-analpgue-scale scores 

A,. ; ; (^^ 240 hr post-dose penbd) were summed tp give a "cumulative ; 
^ - : : ; 3 period of evaluation. "Cumulative scores" for all 

" ■ '^^^^^ of a treatment group were summed, and divided by the riunriber of 

; subjects in the group, to give a Meian Cumulative Score. The scale of this 
Mean Cumulative Sco riot comaspond to the original 0-10 scale, 

.V J ;^^^^ of all non-zero scores overtheientire 

^ } /leyaluatipn period. vTatjje IX presentis Mean Cumulative Scores for ^ 
, 7^^^^^^^^ pari, nausea, i'egurgltation, and abdominal crarnping. , 
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Table VII presents pharmacokinetic data for the intravenous 
azithromycin dosing of this example. Comparison with Table 1 of Exsimple 1 
demonstrates that intravenous dosing of azithromycin results in higher 
systemic exposure than does oral dosing. For example, a 2 g intravenous 
5 dose gives an AUC of 45.6 pg-h'r/ml (Table Vli), while ai 2 g oral dose gives 
an AUC of 18.8|ig-hr/ml (Table 1). Thus, forthe purpose of comparirig 
gastrointestinal side effects of orally and intravenously administered : 
azithromycin, it is generally appropriate to compare aZg oral dose with ja 1 
g intravenous dose. In fact, the systemic drug exposure achieved by a 1 g 
10 intraivenous dose (AUCs23.4 ^g-hr/ml) is more than the systemic drug 
exposure provided by a 2 g oral dose (AUC»1 8.8 ng-hr/ml). 

Table VIII (same format as Table II) dembristrates that the inddiences 
of abdominal pain, nausea, regurgitation, and abdominal cramping were 
low after a 2 hr intravenous infusion of 1.0 g azithromycin. Comparison of 
15 this data with side effect incidence data for a 2 g oral azithromycin dose 
(which gives approximately the same systemic azithromycin exposure) (see 
Table II) demonstrates that, for approximately the same degree 6f systemic 
driig exposure, oral dosing causes a much higher incidence of side effects. 
These observations indicate that the gastrointestinal side effects of orally 
20 dosed azithromycin do not primarily result from exposure of the systemic 
circulation to the; drug, but instead most likely result from direct exposure of 
. the intestinal wall to the drug. 

Table VIII also indicates that, at higher intravenous azithromycin '. 
doses, e.g., 2.0 g, gastrointestinal side effects occur. A 2.0 g intravenous 
25 azithromycin dose is equivalent to a 5.4 g oral azithromycin dose, from the 
standpoint of equivalent systemic drug exposure. At an even higher 
intravenous dose, a higher side effect inddence is observed. While Gl side 
effects can be elicited by high intravenous doses, these obsen/ations are 
consistent with the stateriient that azithromydn Gl side effects are rhediated 
30 . by direct contact of the drug with the intestinal wall iri the lumen, based upon 
the following additional study. Twelvie ileostomy subjects were administered 
an IV infusion of 500 mg azithromycin over 1 hr. Semm was collected 
predose and at 0.17, 0.33, 0.5. 1.2. 4, 8, 12, 24, 48, 72, 96, 120, and 144 hf 
following initiation of the infusion. In addition, the contents of thie subjects' 
35 ileostomy bags were collected forthe following intervals: 12 hr predo&e, 0-6 
hr post-dose, 6-1 2 hr post-dose, and 1 2-24 hr post-dose, the semm and 



wo 95/30422 



FCr/IB9S/00264 



53 



ileostomy fluid cphcenti^ In the 24 hr 

fblbwing ah IV a^hiximycln dose, 13% of the dose was recoviered irrtkct in 
the ileostomy. fluid, indicated that IV-admihistered azithromydn enters the 
iumehbf the ism^^^ ; 
tiansintestihaVeilmination. thus it is not surprising that high intravenous . 
doses of azithroniydn can gastroiritestinai side effects, sirice a pbrtion 



: { eff^ frbhi a 1.0 g intravenous dose is low, and is lower than that 

;lp observed for a 2 g qiral dose (compare with Table III). Basied on an bral 

bibavaiiabiiity of 37%/these intravenous doses are equivalent to oral doses^ 
■ of 0, 2.7, 5.4 ind 10.8 g, respectively. At higher IV doses (e.g., 4g), 
: ' giastipintestlnal side effects are observed. However, it is lil(ely that these Gi 
: ; side effects are due to partitioning of the IV dose into the lumen of the ismall 
15 - intestine, ias cieariy demonstrated above in the ileostomy study. 



20 



--■^■y-- :-^;.-.-V.- v /- Table- Vli;-' 

Azithromycin Pharmacoldnetics: For a 2 hr InfUsion of 

: 1 g (0=6) of 2g (n=6) or4 g (n=5) total dose. 





TOTAL IV 


EQUiVALENt 


9max , 




, AUCo-inf 


ilf.-?.;,;:v.;i";::V^..v 


DOSE 


ORAL DOSE* 








-(g) 


V (ug/mi) 


i (hr) 


i (ug-hr/mlj 




i.o . 




3.11 


1.9 


234 


. ?.o 


-5.4 v: 


6.84 


1.8 • 


45.6 . 


4.0 


10.8 


9.91 


1.1 


82.1 



:azithromycin (0.37) 



25 
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Table VIII. 

Incidence of Visual-Analogue-Scale scores exceeding 1 of 4 at any time 
during the 240 hour post-dose evaluation period, for the side effects 
iabdbminal p^n, nausea, regurgitation, and atxlominal cramping. 
5 Compares intravenous doses of 0 g (placebo), 1 g, 2 g,and 4 g azithrbmydn, 
infused over a 2 hr period. Based on an oral bioavailability of 37%, these - 
intravenous doses are equivalent to oral doses of 0, 2.7, and 5.4 g, 
respectively. Reported incidences for the 1 .0, 2.0 and 4.0 g doses have not 
been con'ected for placebo effects. 





Abdominal 
Pain . 


Nausea 


Regui^itation 


Abdominal 
Qfiamping 


IV DOSE 


>1 


>4 


>1 


>4 


>1 


>4 


>1 


>4 


Og 


2/5 


0/5 


1/5 


0/5 


0/5 


0/5 


1/5 


0/5 


ig 


i/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


2g 


2/6 


1/6 


4/6 


2/6 


1/6 


0/6 


1/6 


1/6 


4g 


4/5 


0/5 


3/5 


2/5 


1/5 


1/5 


4/5 


2/5 



Table IX .MEAN CUMULATIVE SCORE 
Mean Cumulative Visual Analogue Scale Data for the Side Effects - * : 
15 /Vbdominal Pain, Nausea, Regurgitation, and /^dominal Cramping, over the 
entire 240 hour post-dose evaluation period. See text for. explanation of 
"mean cumulative score". Azithromycin was dosed intravenously at a total 
dose of 0 g (placebo), 1 g, 2 g, or 4 g. Based on an oral bioavailability of 
37%, these Intravenous doses are equivalent to oral doses of 0, 2.7, 5.4; 
20 and 10.8 g, respectively. Mean cumulative scores for 1 .0. 2.0 and 4.0 g 
doses have not been corrected for placebo effects. 



IV DOSE 
(9) 


n* 


Abdominal 
Pain 


Nausea 


Regurgitation 


Abdominal 
Cramping 


0 


5 


8.8 


3:2 


2.6 


■.'■3.4 


1.0 


6 


1.5 


0 




6.5 


2.0 


6 


5.7 


13.2 


0.5 


3.8 


4.0 


5 


12.8 


10,6 


3.8 


11.8 



nurnber of subjects averaged 



25 .' Example 4 

This example illustrates a process for making a sustained release 
azithromycin multiparticulate membrane-moderated reseivoir systern. whidi 
releases azithromycin at different rates depending on coating thickness of ^ 



: diffusion barrier coating. The process comprised (1) preparing unco^ed 
azhhrpmydn mul^particuiate cores; and (2) applying a diffusion barrier 
coating over the cores. This exarnple further Illustrates the in vitro sustained 
rialeadse dosage test procedure for evaluating dissolution and release of 
azithromycin ffpm the dosage forni. 

. ! : vAzithrprnycin-containing multiparticulate cores were prepared by \ 

'blending azithrdmycih with microcrystalline cellulose (Avicel® PH101, FMC 
Cbip., Philadelphia, PA) in relative amounts of 95:5 (w/w), wet massing the 

:; blend In a Hobart mixer with water equivalent to apjaroximately 27% of the 

.yveig^^^ blend, extruding the wet mass through a perforated plate 
(Luwa EXKS-1 extruder, Fuji Paudal CcOsaka Japan), spheronizing the 
extrudatd (Luwa QJ-230 manimerizer, Fuji Paudal Co.) and drying the final 
cores which Were about 1 mm diameter. The final sustained release beads 

rwere nniade b over the particle cores with a plasticized 

ethylc^liulose disfpersioii (Sureiease®, Coiorcon, West Point, PA, typically 
applied at 15 ^^o solids concentration ). For example 4A (about 100 g batch 
size), finai coating was opnducted in a bottom spray Wurster fluid bed cbater 

: (Aerbmatic Strea-1 S\A^tzeriand}. For examples 4B, 

.4^ arid 4p (about 1 kg batch sjzes), final coating was qonducted in a rotary 
gn^nulatbr (CF-360 gra Freiind Indust., Tokyo, Japan). The amount 
of coating applied was varied to obtain different dissolution rate behavior. 
Example 4A had ism^ coating of 2% Opadry® over the 13 % 

\-;Surelease®:C6at- 

^ Fihished sustained release mutfiparticuiates were tested using the 
7n v^ sustained r^e^^ doisage test jirocedure previously described arid 
the results are i>resented in Table 4-1 . Exarnple 4d was tested as 1 ,500 

^mi^A mu and examples 4A through 4C were tested as 250 mgA 

nriuHlp^rticiilate iri a icapsule; Examples 4A through 4D satisfy the in yitro 

. sustained release diissblution criteria and are sustained releas<e 
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TABLE 4.1 



In Vitro 
Sustained Release 
Dissolution Criteria 


Qo.25 


Qi 


Q2 

<i AAA 


Q4 

< i <iAA 


Qe 

^9 AAA 




Examole 


Surelease® 
Qoatlnfl m 


QO.25 
0 


Qi 
mgA 

9 


02 
mgA 

44 


Q4 
mgA 

104. . 


Qe 

. niqA 
175 


Initial Dose 

Test94 (niqA) 


4A 


13.0 
2.0 bpadry® 




4B 


11.1 


4 


33 


113 


144 


154 


25 b 


4C 


13.0 


b 


18 


35 


50 


83 


•■.•r-;25,0' ■ 


4D 


13.0 


38 


128- 


252 


465 


641 


1500 



Example 5 

5 This example illustrates using temporal criteria In conjunction with /n , 

vitro dissolution test results to design a dosage fomi, such as a sachet, 

which exhibits a desired dissolution profile. 

Using the in vitro dissolution test results from Example 4B/it js 

desired to make a sustained release dosage form. Using the temporal 
10 criteria and the corresponding data of Exaniple 4B, a maximum scaled mgA 

of multiparticulate was calculated for each individual temporal cilterioh, and 

set forth in table 5-1 . 

TABLE 5>1 

15 MAXIMUM SCALED pOS^ 



Temporpi Criteria 


Example 4B 
PIssQlutlQn Results 


IMaximum Scaied mgA 
Of multlpprtlpulate 


< 200 mg A In 15 min. 


4 mgA in 15 min. 


12,500 mgAm 


< 500 mgA in 1 hr. 


33 mgA in 1 hr. 


■'. 3,78iB mgAm . 


^1,000 mgA in 2 hr. 


113 mgA in 2 hr. 


2,212 itigAm 


^ 1,500 mgA In 4 hr. 


144 mgA in 4 hr. 


2,604 mgAm 


^ 2,000 mgA In 6 hr. 


154 mgA in 6 hr. 


3,247 mgAni 



Each maximum scaled value was caiculated by scaling lip the results 
of Example 4B to yield the highest value consistent with the corresponding 
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temporal ibnteribh. F^^^^^ scaled value at 15 minutes 

X (i25p mgAm 4- 4 mgA), where 
1 The maximum scaled 
:: [,;::^va!tuejaX 2 hr (2,212 mgAm) was similarly calculated ais 1000 mgA x (250 
;^ ^;^mgAm 4^113' mgA)/ ■ 

: the maximum soled dose of Exampte 4B 

which shpuld be used to make a dosage fonii within the : 
: scope of the inyehtibn is 2,212 mgAm, the minimuitt of the maximum scaled 
•;. values calculated. 
iO ^ \ : V doses were also calculated using the tempdraj 

C ;^ of Examples 4A, 4C, and 4D in the same 

^5 i^^^ Table 5t2 summarizes the miaximum scaled dose for 

^ s r Examples 4A through 4D, ■ 



15 



LB: 



. ■■=15 



TABLE 5-2 
MAXIMUM SCALED DOSE 





Maximum Scaled Dose 




of Sustained Release 


ExanriDle 


Multiparticulate 


--4 A .. -..^ 


2,857 mgA 




2.2li2 mgA 


4C ■ 


: 6,024 mgA 


■'..•4 b'"'- 


4,(B80 ihgA ' 



20 



25 



'>:';Exiample 6 ' ' ;■ -;';>■■/ •-■. '. '; ; • 

. .: This example Illustrates using weight criteria in conjunction with in 
:yi^/o dissoiutibn test results to custom design a dosagei form tailored for an 
anirn^i of a given body weight. The data of example 4B are employed to ' 
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TABLE 6-1 

MAXIMUM POSE FOR A GIVEN BODY WEIGHT 



Wplflht Criteria 


Example 4B 

PissQimipn Result? 


Maximum Scaled mgA 
of multiparticulate for 
100 Kg body weight 


$ 4 mg/kg in 15 min. 


4 mgA in 15 min. 


25,000 mgAm 


< 10 mg/kg in 1 hr. 


33 mgA In 1 hr. . 


7,576 nig Am ; 


^ 20 mg/kg in 2 hr. 


113 mgA in 2 hr. 


4,425 mgAm 


30 mg/kg in 4 hr. 


144 mgA In 4 hr. 


5,208 'mgArh 


^ 40 mgA/kg in 6 hr. 


154 mgA In 6 hr. 


6;494 mgAm 



5 Each maximum scaled value was calculated by scaling up, to a 100 

kg animal weight, the results of Example 4B to yield the highest value 
consistent with the corresponding weight criterion. For instance, the 
maximum scaled value at 15 minutes (25,000 mgAm) was calculated as; 4 
mg/kg x 100 kg x (250 mgAm ^ 4 mgA), where thi^ 250 mgAm conresponds 
10 to the initial dose tested. The maximum scaled value at 2 hr was similarly 20 
mg/kg X 100 kg X (250 mgAm -5- 113 mgA). 

Table 6-1 indicates that the maximum scaled dose of multipartiojlafe 
which should be used to make a dosage forrn within the scope of the 
Invention is 4,425 mgAm, the minimum of the calculated scaled values. 
15 In the same manner as above. Table 6-2 lists the balculated 

maximum amounts of sustained release multiparticulate for Examples 4A, 
4B, 4C, and 4D which should be employed for a given body weight of 
100 kg to make a dosage form within the scope of the inventibri. 
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V V :-. -•.table 6.2.\- • 

Maximum Dose Deliverable To A Gtven Bddv Weight 



Example 


Maximum Dose 
Sustained Release Multiparticulate 

: m^Kn Potfy Weight 


4 A ".' 


: 5,714 mgAm 


4B'V'- ■ 


4,425 mgAm 




: 12,048 mgAm 


4D 


9,360 mgAm 



Hi- 



Example? 

in donjunctioh with 
minimuifi animal body 
: y weigM^ dosage fonn should be used, 

la i :A sustained reilease sachet containing 2000 mgAm is made with the 
- multiparticulate ^^b^^ 4B. A minimum animal body weight was * 



15 



TABLE 7.1 
Minimum Body Weloiita 



Welaht Criteria 


: Example 4B 
DIsisolutloh Results 


Minimum Scaled Body Weight 
for use with 2.000 ma Am 


^ 4 mg/kg In 15 min. 


4 mgA In 15 mIn. 


. • ■' ■ > kg ' 


k lb mg/kg In i; hr. 


33 mgA In 1 hr. 


26.4 kg 


/$ 20 niig/kg In 2 hr. 


113 mgA in 2 hr. 


: - 45.2 kg ; 


S 30 mg/kg In 4 hr. ' 


; 144 mgA In 4 hr. 


38.4 kg 


£ 40 mgA/kg In 6: hr. 


r 154 mgA In 6 hr. 


30.8 kg 



■ • :Eabh. mlhimiim scialed body weight was calculated by using the data ; 
7 of Example 48 and assuming a 2000 mgAm to calculate the smallest weight 
20 c»risi$tent^^v^^ corresponding wieight criterion. jFor instance 
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the scaled value at 15 minutes (8 kg) was calculated as: 2000 mgAm x (4 
mgA/250 mgAm) (4 mgA/kg). The maximum scaled value at 2 hr (45.2 kg) 
was similarly calculated as: 2000 mgAm x (113 mgA/250 mgAm) ^ (20 

5 Table 7-1 indicates that the minimum body weight to which a sachet 

containing 2000 mgAm of Example 4B should be administered is 45.2 kg, 

the maximum of the calculated scaled body weights. 

Minimum scaled body weights were also calculated using the weight 

criteria together with the dissolution data of Examples 4A, 4C, and 4D in the 
10 same manner as above. Table 7-2 summarizes the minimum body weiight 

for 250 mgAm and 2000 mgAm total doses of Examples 4A, 4B, 4C and 4b, 

to make a dosage within the scope of the invention. 

TABUE 7-2 

15 Minimum Body Weight At Given Dose 



Example 


Minimum Body Weight Minimum Body Weight 
/ per 250 mgA per 2000 mgA 
iSustained Release Sustained Release 
Multiparticulate Multiparticulate 


4A 


4.4 leg 


35.0 kg 


4B 


5.7 kg 


45.2 kg 


4C 


2.1 kg 


16.6 kg 


4D 


2.7 kg 


21.4 kg 



Examples 

This exarhple illustrates a process for making sustained release ; 
20 azithromycin multiparticulate membrane-moderated reservoir systems which 
release azitiirpmycin at different rates depending on coating thickfness of a 
diffusion barrier coating. The process comprised applying a diffusion barrier 
coaling directly to an aathromydn muitiparticijlate. this example further 
evaluates, by the in vitro sustained release dosage test, the release profiiev 
25 Azithromycin-cbntaining multiparticulates were preparied by loading 

1 ,000 g azithromycin compound directly irito a rotary granulator/coater 
: (Freund CF-360 grianulator). Then, a plastidzed ethylcellulose (Surelease®) 
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Example 9 

This example illustrates a process for making sustained release .', 
:azithromycin multiparticulates which release azithromycin at different rat^s 
: dejiendlng on the thicknesis of a diffusion barrier coating, the process 
5 comprised (1) preparing uncoated azHhromycin multiparticulate cores; and 
(2).appiying a diffusion barrier coating over the cores, this example further 
evaluates the release profile of the multiparticulates. 

Azithromycin-containing multiparticulate cores were prepared using a 
fluid bed processor with rotor insert (Glatt GPCG-5 by QIatt Air Techniques, 
10 Ramsey, N.J.). The rotor bowl was initially charged with 2,500 g of 

azithromycin drug and plastidzed hydroxypropyl methylcellulose (Opadry®) 
t}inder solution (10% solids concentration) was tangerttially sprayed into the 
rotating t>ed until an average core granule size of about 250 )im was 
achieved. Next, a plasticized ethylcellulose (Surelease®) coating 
15 suspension diluted to 15% solids was sprayed onto the core particles. A first 
batch of coated particles was made with a 40 % coat. A second batch was 
then made with a 50 % coat. 

Finished sustained release beads were tested using the in \ntrd 
sustained release dosage test procedure pre>^ously described and the 
20 results are presented in Table 9-1. Examples 9A and 9B are sustained f 
release embodiments of this invention. 







TABLE 


9-1 








In Vitro Sustained 
Release Dosage Test 
Dissolution Criteria* 


Qo.2S 
£ 200 


Qi 

^ 500 


Q2 
£1,000 


Q4 

£1,500 


Qs 

£2,000 




Surelease® 
Example po^tlnq (%) 


Qo.25 
moA 


Qi 

mqA 


Q2 

mqA 


Q4 
mqA 


Qe 

mqA 


initial Dose 
Tested 
mqAm 


9A 40 


55 


221 


401 


759 


826 


1000 


9B : SO 


11 


43 


120 


275 


382 


1006 



25 



30 



Example 10 

This example illustrates using the sustained rejease dissolution 
criteria in conjunction with in wtro dissolution test results to design a dosage 
: fomi which exhibits a desired release profile. 
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: ; As^^^^ the data of Example 9 were employed in 

J ironjun^^^ temporal criterion to calculate the maximum scaled 

> ; mgAm, corresponding to both Example 9A and 9B, which should be used to 
. make a dosage form according to the invention^ Table 10-1 summeirizes the 

5 : maximuni^ s^ dose for Examples 9A and 96^ 

" " • ••• • •■"■••'^ •■ ■ ■ ■ ■■ TABLE 1-0.1 ■ ■ 

- Maximum ScalctI Dose ■;; 





Maximum Scaled Dose 




of Sustained Release 




Multioarticuiate 




1,976 mgA 


9b;- ^ 


' 5,236 mgA 



ifiv 



1^^^ weight criteria In conjunctiori with in 

15 vAro test results to custom design a dosage form tailored for an anirnal of a_;. 
] givbh body weight. . ; 

■ The idaita^^to and 9B were employed to balculate, as irj 

: Exarhple 6, the max^ dose which should be administered to a 100 kg 
: : j a^^^ Uists the rhaximum iamounts of sustained release > 

20 ^multibiarticulate for Examples 9A and 9B which should be employed for a 



vveight (Criteria to make a multiparticulate dosage form within the scope pf the 
■irivention. r^-': r: 



25 



■ ■ TABLE 11-1 ■ . \ 

Maxlmurn Dosie Deliverable To A Given Body Weight 





Maximum Dose . 




Sustained Release Multiparticulate 


Example 


m hq ppdY Welfllrt 




3;953 mgA 




10,471 mgA 5 
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10 



Example ig 

This example illustrates using the weight criteria in conjunction with / 
in vitro dissolution test results to detennine the minimum animal body 
weight with which a sustained release dosage form should be used. 

The minimum weights were calculated in the same manner as for 
Example 7. Table 12-1 summarizes the minimum body weight for 250 mgAni 
and 1,000 mgAm total doses of E)^mples 9A and 90. 

■' . TABLE 12-1 ■ 
Minimum Body Weight At Given Pose 





Minimum Body Weight 


Minimum Body Weight 




per 250 mgA 


per 1,000 mgA 




Sustained Release 


Sustained Release 


Examole 


Multiparticulate 


Multiparticulate 


9A 


6.3 leg 


25.3 kg 


9B 


2.4 kg 


9.6 kg 



Example 13 

This (sxample illustrates a process for making sustained release 
15 azithromycin multiparticulate in the form of a phase inversion membrane- 
moderated reservoir system. The process comprised applying directly to 
azithromycin-containing-multiparticulate a phase inversion membrane 
coating. This example further evaluates the release profile of the sustained 
release multiparticulate. 
20 Azithrbniydn-containing multiparticulate were prepared by loading 

1 ,000 g azithromycin-containing particles directly into a rotary ; 
granulator/coater (Freund CF-360 granulator). The rotating particle bed was 
sprayed with a solution containing 7.5 % ethylcellulbse (Dow Ethocel S-i6, 
Dow Chemical, Midland, Ml), 2.5 % polyethylene glycol (PEG 3350), 1 0 % 
25 isopropanol, 22 % ethanol, 54 % acetone and 4 % water. When 300 g of 
coating solution solids had been applied to the 1,000 g initial charge, a 
sustained release multiparticulate was fomied with a mean particle size of 
about 450 jim. 

. Rnished sustained release multiparticulate was tested using the /n : 
30 vHm sustained release dosage test prociedurie. The results are presented in 
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Table 13-1V Example iSA satisfiies the /n release criteria and Is a 
"sustsuhed release ^^^^ 

^^yV^O'^--'" 7' • TABLE 13-1 



/n Vitro ^ : 
Sustained Release 
pisspliition Criteria 


OtO.25 
^ 200 : 


Ql 

5 500 


Q2 
^1.000 


Q4 

^ i;5oo 


■ Qe 

:£2,000 




: 'Ootids. 
Coating / 
Example (%) 


Qb.25 
maA 


Ql 


Q2 

mqA 


Q4 
maA 


Q6 
mqA 


initial Dose 
Tested ; 
maAm . 


13A ? 23-1 




• • • • a a 


160 




23B 


250 mg A 
Capsule 



tsar 



10 



15 



20 



;j Example 14 

a process for making isustained release 
azIthronriydh hydrDphiNc matrix tablets w release azithrornycih at ' 
different rates depending on ttieir composition. The process comprised (1 ) 
blendjng all cbnipbhehts except for magnesium stearate; (2) screening and 
reblendihg the same components; (3) adding and blendlrig magnesium ^ ^ 
stearate; and (4) comjaressing the firi^^^ 

; In baitch sizes of 1 50 grams, azithromycin was shaken for about 15 
minutes in a sUitabiy large jar with all oth^r components except magnesium 
stearate udrig a Turbula shaker system (Basel, Switzierland). Next, the 
blend was passed through a 40 mesh sieve and shaken again for ten 
: minines. Then,ymagnesium stearate wds added and the blend was shaken 
for^five minutes. Usjng a Mahesty type F press (Manesty Machines, 
iJyerpool, Englarid) . the final bleind was compressed into tablets using . 
either 13/32 inch standard round concave (SRC) punches for Examples 14A 
thix)ugh 1 41 or 3/4 inch standard round flat faced punches for Examples 1 4J 



shbwh in Taible 1 4-1 . 



25 
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TABLE 14-1 

Sustained Release Hydrophilic Matrix Tablet Compositions 



Exanvto 


% 

AzBhrenycIn 

OftVWWUffffvl 


% 

. LactosG 


% 

HPMC1 




. mOciocrystallMe 
Oallulose^ 


%/■ 
Magneskim 


14A 


54 


1 5 


30 




• H • '■' ■ 


1 4 B 


54 


2 0 


25 


mmm 




1- 


14C 


54 


24.5 


20 


mmm 


mmm > 




14D 


54 


2i9' 5 


1 5 








1 4E 


54 


34 5 


1 0 






1 s 

law 


14F 


7 0 




28.5 






i .5 


14G 


70 




15 


13.5 




1.5 


14H 


70 




20 


8.5 




1.5 ;■ 


141 


70 




15 




13.5 




14J 


7 0 




15 


13.5 


' mmm 


■■ l'.5 ' •.. 


14K 


70 




15 


mmm 


13.5 


1 .5 



1 HPMC means hydroxypropyl methylcellulose. All Examples used Dow Methocel 
5 K4M-CR (Dow Chemical. Midland, Ml) 

2 pvp means polyvinylpyrrolidone. Kolloidon 17 (BASF Corp., Parsippany NJ) 

3 MicrocryslalDne Cellulose that was used was Avicel® PH-1 02 (FMC Corp,) _ 



Finished sustained release tablets were tested using the in \ntrq 
10 sustaineid release dosage test procedure and the results are presented in 
Table 14-2. Examples 14A through 14K satisfy the dissolution criteHa and 
are sustained release embodiments of this inviBntion. 
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■■^yy' -i' v TABLE 14-2 
Sustained Release Hvdrobhilic Matrix Tablet Compositions 



...i;.;:;.' In Vitro . 
. ^sustainea 'neiease . 
Dissolution ' Criteria 


Qo.25 
£ 200 


Ml * 
^500 


- Q2 

^1,000 


04 

^1,500 


ft-- 
^2,000 




■ . Example" 


QO.25 

".**** 


(mqA) 
37 


Q2 

(mqA) 


Q4 

(mqA) 

: 69 


06 
85 


Initial Dose 
Tested 

Tablet 
250mgAm 




"""" 


42 




92 


.111 


Tablet 
25bmgAm 








69 


105 


124 


Tablet 
250mgArn 








113 


158 


200 


Tablet 
250 mgAm 






148 


175 


236 


249 


Tablet , 
250 mgAm 






■ — 


52 




94 


Tablet 
250 mgAm 








51 


■ 


91 = 


Tablet 
250 AigAm 








167 


218 


233 


Tablet 
. 250 mgAm 








10? 


135 


150 


tablet 
250 mgAm 






201 


276 


413 


481 


Tablet 
1000 mgAm 






144 


183 


245 


290 


tablet 
1000 mgAm 



in 



ExampiisriS y 

'?rhis exeimple iliustrates a process for making multiparticulates for use 



: :predqmlnanit^ duodenuni/The process comprised (1) preparing 

: • uhcbated azrthronriycifi multiparticulate cores; (2) applying a firsty Siistdned- 

10 : release coating oyer the cbres; and (3) applying a second , pH-sensitive. 
^ ; coating over the first coat. This example further illustrates 
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the //7 i/^ra delayed release dosage test procedure for evaluating 
dissolution of the dosage form and release of azithrbmycin. 

Multiparticulate cores containing drug were prepared using a fluid ; 
bed processor with rotor insert (Model GPCG-5). The rotor bowl was initially 

5 charged with 2,500 g of azithrbmycin and plasticlzed hydrbxyprbpyl 
methylcellulbse (Opadry®) binder solution (1 0% solids coricentratibn) wias 
sprayed irito the rotating bed until an average core granule size of about 
250 m was achieved. Next, a plastidzed ethylcelIulo§e (Surelease®) 
coating suspension diluted to 1 5% solids was sprayed onto the core 

10 particles. A first batch of coated particles was made with a total ;; 

30 % coating. A secorid batch was then made with a 40 % cbiatihg. Lastjy, 
both batches of multiparticulate were coated with a delayed-release coating 
in a fluid bed rotor processor (Glatt Model GPCG-1) until a desired coating ; 
end point (indicated in % in Table 15-1) was achieved. The delayed- 

15 release coating was a suspension containing 12.3 % methacrylic acid 
copolymers (Eudragit® L 30 D-55), 6.2% talc, 1.5 %tiiethyl citrate and 
80%water. Forthe first batch that had been coated with a40% 
Surelease® coat, a 20% delayed release overcoat was applied. For the ' :\ 
second batch that had been coated with a 30% Surelease® coat, a 33.7 % 

20 delayed release overcoat was applied.The final product was delayed- 
release multiparticulate with particles having an average size bf about 
■ 300 \im. 

The in vitro delayed release dissolution results are presented in 
Table 1 5-1 and include the dissolution test criteria. Example 1 5A is a 
25 comparative example of an immediate release capsule that Is outside the 
criteria and scope of the invention. Examples 15j3 and 15C are delayed- 
release embodiments made with multiparticulate of these examples. 
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7h V/fro Delayed Release -Dosage Test 

^ . . . Di^ 



Qo.25 
S 10 % 



Qo.5 
^ QO.25 % 



^ - Formuiatlbh 
Example X Composition. f%V 

.fljsA . ■ :M Capsule 

:15B Sustained + Delayed- 

; Release Multiparticulate 

\ 43.6 % • ; : ' : azithromycin 

: 4^4 % Opadry® Solids 

: X. S2.0 % ' ^Surelease ^® 

:.12.3 % Eudragit® Solids 

=-:^"-\;-;-''.-iv6-2 % ■ ' Talc 

: : : 1:5 % : Triethyl Citrate 

15C; . V- Sustained + Delayed- 
; Releasia Multiparticulate 

42^2 % azithromycin 
7 : 4.2 %V ^ Opadry® Solids 
■ : 19.9 % V iSurelease*^^ Solids 

'y^'-:--.^- --'':':20^^''% -- " Eudraglt<S> Solids 
10.4 ■ ^-^'.v ■ --Talc 
2.5 % Triethyl Citrate 



Inltlial 

Qo.25 Qo.5 

(AgM Stflqe) (puffer sx^w) imaAml 



81 % 



0.6 % 



98 % 



0.7 % 



250 



250 



0.5 % 



6.2 % 



250 



w 



Example 16 

This MBx^iTiple illustrates a process for making sustained release 



^ c^^ on the extent of surtepe coating coveragis by an 

; a^^^ poiymieric banier material as well as the composition of 

; th6 hydipphilic 

io . > tablet cores were made first by shaking (Turbula System) in a 

y. .; j^^ jar for about .15 rhjnutes the following: 105 g aathromycih, 15 g. 

: j^^ (HPiyiC, Dow Methocel® E4M-CR) and 

• :2^ cellulose (Avicei PH-102, FMC Coiip.) The 

; v N^^uiftihg blend was then passed through a 40 mesh sieve and shiak<9h for 
'15 ■ teh^dditibnd minutes. Then. 2,25 g of magnesium steariate was added and 

- oithe^m^ wias Shaken for five minutes. Using a Manesty type F press 
' round concave (SRC) punchiBS, the final 

..f VW^^^ was impressed into tablet cores.. . v 
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Next, the insoluble polymeric barrier material was prepared by 
adding 159 g HPMC (Dow Methocel® K100LV premium CR) to a Hqbart 
mixer. While mixing at medium speed, 27 g castor bit was slowly added and 
the mixing was continued 15 minutes. An ethylcelluiose solution was 

5 prepared in a separate container by slowly adding 10 g ethylcelluiose 
(Dow Ethocel® S 1 0) to 1 90 g ethanol while stimng. After the ethylcelluiose 
went into solution, the 200 g of ethylcelluiose solution was slowly added to 
the Hobart and the contents were mixed for 15 minutes. The resultaht wet 
. mass was spread out on a polyethylene lined tray and dried in a forced hot 

10 air dryer at 50°C for four hours. After drying, 78 g of the dried mass was 
forced through a 25 miesh sieve and collected in a jar. Magnesium steiarate 
(2 g) and colloidal silicon dioxide (1 g) were added to the jar and the jar 
was shaken for five minutes. 

Using a Manesty type F press and 13/32 inch standard round 

l5 concave (SRC) punches, the polymeric beurier material was compressed in 
a variety of configurations over the matrix tablet cores. In one cbnfiguratlpn, 
the core was placed in the punch and various amounts of polyriieric barrier 
material were compressed on top of the matrix tablet core. Finished tablets 
produced in this way had a polymeric barrier coat on the top of the matrix ^ 

20 tablet core. In a second configuration, different amounts of polymeric barrier 
miaterial were placed in the die of the punch underneath the matrix core as 
wejl as on top of the matrix core and the composite was compressed into 
final tablets. Rnished tablets produced in this second way had a polymeric 
bariler coat on both the top and bottom surfaces of the matrix table core. 

25 In another process for making polymeric barrier coated hydrophilic 

matrix tablets, an adhesive polymer (Epoxi-Patch, Hysol Corp. Clean. NY)/ 
was used as the polymeric bam'er material and was applied to various 
surfaces of the matrix tablet cores. Polymeric barrier coatings Were not only 
applied to the top iand/or bottom surfaces of the matrix tablet core, but also : 

30 around the sides of the tablet. 

Example 17 ' 

This example illustrates a process for making delayed release 
35 azithromycin hydrophilic matrix tablets which are designed to release . 
azithromycin predominantly below the duodenum. - , . 
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'Tablet cores were made first by shaking (Turbiila System) for about 
: 15 minutes in a jar 105 g azitlirDmydn;i5 g. hydrb}^propy| methylcellulose 
y (HPMC, bow Methbcel® E4M^CR) and 27.75 g midrocrystalline Gellulose 
;:^Aw passed through a 40 

; mesh~^^^ and sHaikeii for ten minutes. Then, 2.25 g of miagnesium stearate 
■'■'^ was added and thie mixture was shalten for five mihutes. Using a 
J^^:^ ;;M press fitted with 13/32 Inch standard round concdve (SRC) 

p^^ 

V > A deiayed-release oba^ containing 12.3 % 

Id rhjBthacrylid iacid copolymers (Eudragit® L 30 D-55), 6.2 % talc; ' 

- ;1:5 aiid 80 % water was prepiEtfed and applied as a iO % 

: coating, u^lnig an HCT-30 Hi-Coater (Vector-Freund) to spray the solution 
^ ; Vo rriiaitHx t^let cpres. Because the coating Is soluble in environments 
w^^ 

15 -^azlthrbrnycin from tKe hydrophilic matrix tablet cores bejbw the stomach 
: wh^re the pH is jgreaiter than 5.5, and thie coreis do so in a sustained manner 



Example 

azithromycin sustained reiease tablet with a bilay^r (two compartment) core 
surrounded by a isemipermeabie membrane with a pasisage through its . 
i surface. One tablet core layer has an osmoticaliy effective composition : ; 
. bbntalning az'rthrpmycin and the second tablet core layer contains an 
25. expanding hydro«geI. 

^ tablet core layer material was prepared by Turbula blending 

; for a^^ minutes 70 g pbiyethylehe oxide having a molecular weight of 
; 5,000,000 (Pplybx® Coagulant), 23 g sodium chloride and 5 g 
^^^^ r rnethylbeilulose (Dow Methocel® E4M) in a jar. The content? 

30; w^ 60 mesh sieve and isollected in a jar. Then, 2 g of 

' J: m and the mixture Turbula blended for 5 

■;=:";'':Vniinutes. v^' ^ 7 " V • ■ 

. ; The secp^^ was 
' ' /pj^amdi by Tiirbula blending for about 15 minutes 50 g azithromycin, 150 g 
35 ^ polyethylene .o»de having a rfiblecular weight of 100*000 (Poiyox® N-20, 

/Union Carbide Cbrp., Danbiiry, QT) and 10 g hydroxypropyl ' 
'S ~.. rmethylc^llulosb (Dow Methbcel® E4Mj iii a jar. The contents were passed . : 
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through a 60 mesh sieve and collected in a jar. Then. 4 g of magnesium 
stearate were added and the mixture Turbula blended for 5 minutes. , 
to make a bilayer tablet core, a Manest/type F press with 13/32 
Inch standard round concave (SRC) punches was used. First, the first taibiet 

5 core layer material was partially compressed in the punch. Thian; the second 
tabldt core layer material containing azithromycin was filled on top of the first 
layer and full compression was applied to form bilayjeir tablet cores. 

A coating solution was prepared with 68 % methylene chioride, 
28.5 % methanol, 3.3 % celluiose acetate (Eastman CA-398-10) 'and ; 

10 1 .7 % polyethylene glycol 3350. An HCT-30 Hi-Coater (Vector-^Freund) wias 
used to spray the coating solution onto the bilayer tablet cores. Sufficient 
coating was applied to form a wall around the tablet core of about 0:6o6 inch 
thickness. After coating, the coater rotation was reduced and the cores were 
dried for five minutes. The coating forms a semipermeable k}an1er yvall 

15 around th^ tablet core which is permeable to water and impermeable to ' 
azithromycin and other tablet core excipients. 

: A p.5mm hole was mechanically drilled through the coating to expose 
the azithromycin-containing layer to the use environment 

20 . Example 19 . 

This example Illustrates a process for making an osmotic 
a^thromyqn sustained release tablet which was designed with a core 
containing an osmotically effective composition sun'ounded by a 
semipermeable membrane with a passage through its surface. 
25 . Tablet cores were made first by Turbula blending for about 10 . 
minutes in a jar 30 g azithromycin fumarate with 70 g lactose. The contents 
were passed through a 40 mesh sieve and collected in the jar. Then, 2 g : 
magnesium stearate were added and the mixture Turbula blended for 5 
minutes. Using a Mahesty type F press, the final l)jend was compressed 
30 into tablet cores using 13/32 inch standard round concave (SRC) punches. : : 
A coating solution was prepared with 68 % rnethylene chloride, 
28.5 % methanol, 3.3 % cellulose acetate (Eastman CA-398-16) and : 
0.2 % polyethylene glycol 3350. An HCT-30 Hi-Coater (Vector-Freund) wias 
. used to spray the coating solution onto the tablet cores. Sufficient coating 
35 was applied to form a wall around the tablet core of about 0.006 inch 
' tfiickness. After coating, the coater rotation was reduced and the (Sbi'es we;re 
dried for five minutes. The coating forms a serfiipermeable barrier wall 
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around the tablet cbrie which is permeable to water and impefrneable to 
: azithromycin and other . 

; N different diameter passageways from .008 inch to 0.020 Inch 
diameter Were mechah drilled through the top of the semipenneable ; 



\/a^thromycin. V.- • . . • 

'•.''■T;hls':example Illustrates a process for making multlpiarticulates for use 
; 10 ;in m£ddng del^^ dosage forms designed to release azithromycin 

duodenum. The process comprises (1) preparing 
? uncoated iaztt cores; (2) applying a first, sustained- 

^ = s^^^^^^^^^ over the cores; and (3) applying| a second , 

-V p^^ 

15 ^ V ; Azithrpm^^ multiparticulate cores are prepared by 

blending azlthro^^ with microcrystalline cellulose (A\«cel® 

:^ P 01 , FMC Qbrp:^ Philadelphia, PA) In relative amounts of 95:5 (w/w), wiet 
^-massing the bl6hd in a Hobart mixer with water equivalent to approxirnately 
^:::X'''':- ''S-'''. 27 % (if tha blend, extruding the wet mass through a 

2^^^^; ; : 2^ extmder, Fuji Paudai Co.,QsaHa Japah), . 

; :s (LuwaQJ-230 marumerizer, Fuji Paudai Co.) 

y.y-::'\ \jax\x\ dryirig the final cores which are £i)Out 1 mm diameter. ' 

fNext, a Wurster bottom spra^ fluid bed processor (Glatt GPCG-1) Is 
^ ; ; J the uncoated azhhroniiycinHXjntaining multipEirticijlate with a 

; 2^^ A piasticiziBd ethylcellulose (Surelease®) coating 

■Lv,^^;;^^^; s^^^^ solids Is sprayed onto the core particle?. 

/ Typically^^ 5 % to 20 % diffusion barrier coating is applied. The arnouint of 



S?^^>>jncO€^ed c6ro.X^^\^^ 

36 = Lastly; a Wurs^^ spray fluid bed processor (Glatt GPCG-1) is " 

. :used to apjitly a delayed release coating over the diffusion barrier coaited 

: : V part^^^ release coating levels are 25% to 50 % in order 

' " to be the delayed release dissolution priterioh are met. the 

Is a suspiension containing 12.3 % inethacrylic 

35^ abid cppblyrhefs (Eudragit® i. 30 D-55j, 6.2 %talc, 1.5 % triethy I citrate 
-v-^i^aridr 80% Watet .V A . ' v 
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Because the delayed release coating is soluble in environments 
where the pH Is greater than 5.5, the multipartidjiates thus prepared release 
azithromycin from the barrier coated particle cores below the stomach wtiefe 
the pH is greater than 5.5, ahd the particle cores do so in a sustained 
5 : rhainner that delivers azithromycin predominantly below the duodenum. 

■■. Example 21 ,•■...■■••...>■.■•.■; 

'. This example illustrates a process for making niultiparticuiates for use 
in making delayed-release dosage forms designed to release azithromycin 

10 predominantly below the duodenuni. The process comprises (1 ) preparing 
.lincoated azithromycin multiparticutate cores; (2) applying a protective coat 
over the core particles; and (3) applying ai second , pH-sensiitiye, delayed 
relisase coatinig oyer the first coat. 

Multiparticulate cores containing drug are prepared uising a ifluid t)ed 

15 processor with rotor insert (Model GPCG-1 ). The rotor bowl is initially 
charged with 400 g of azithromycin drug and a biiider solution containing 
5 % poly(ethyl acrylate, methyl acrylate)(Eudragit NE-30-D), 5 % 
plasticized hydroxypropyl methylcellulose (Opadry®) and 90 % water is 
sprayed into the rotating bed until an average core granule size of about 

20 250>m was achieved. 

Onto the uncoated core particles in the same fluid bed processor with 
rotor insert, a binder solution containing 5 % plasticized hydroxypropyl 
niethylcellulose (Opadry®) solution is sprayed until a oo^ng of 1 0 % is 
applied This intermediate coating enhances the adhesion to thei core , ' 

25 particles of the final delayed release coating. 

A delayed release cosing (typically 1 5 % to 50 % is required to • 
meet the delayed releaise criterion) is applied using the same fluid bed , 
processor as above. The delayed-release coating Is a suspension 
cont£uning 12.3 % methacrylic acid copolymers (Eudragit® L 30 D-55),. ' . 

30 6.2 % talc, 1 .5 % triethyl citrate and 80 % water, the final product is a 
delayed-release multiparticulate with particles having an average size oif 
about 300 fim. 

Example 22 

35 . - This example illustrates the preparation of azithromycin bead cores 
. arid coating them with a cohtrolled-release coating. The coating can be 



WO9SO0422 ; ,. '-.^m- . . PCr/IB95/dd264 

:■'[■■■ ■':/{: -75: : ■ ' • 

appliecf in oonveiitional equij)^ The rate of release of drug from the 



. ; D fay blending azKhrbmycin 

: fumar^^^ nlicrocrystalllne cellulose (Avioel® CL 61 1 . FMC) in relative 

5 anfourits of 95:5; wet-massing the blend in a Hobart mixer with water until a 
■ ■: M6oxig\n is obtajhed, extruding the wet mass through a perforated plate (Lxiwa 
>e^ruder), land spherohi^^^^ (Ujwa spheronizer). The beads so; 

r prepared in an Aeromatic Strea-1 benchtop Wurster 

; J&oater (batch size 1Q0g)/T^ coating solution is prepared by dissolving 36g 
10 cellulose aoet^e (Eastman CA 398-10), 7.9g poly(ethylene glycol) (PEG 
400), smd the required amount of sorbitol in a mixture of methylene chloride. 



coating is applied in the fluidized bed until the desired 
thickhess obtained, the following compositions give sustained-release bf 

' 15 ^':azithromyc|n::. ;v;;' ^ 

: V Sorbitol In Coating Solution ; coating thickhesis 



' ; - * 






0.01cm 


■Iji •* • 




-•■v^■.■■'.3g■■.;^^•.•;: 


0.02cm 




r.; :'y20\'-::;.x 




0.05cm 








0.10 cm 


-S t? 






: 6.01 cm 








: 0.d2cm 


-i y . 




:-x>g ■ 


b.05cm 




/^^•:25;; 


•v^i:-;rv6g O.^^--^'- : 


0.10cm 








p.Olcm 






:' -;v:.:-;./12g---:: 


p.02cm 






LV;;;;:: .i.2g ■■• [A^r-y r-; 


; 0.05cm 






v:;g-..v.i2g-';v:;::;:^ 


O.iOcm 




30 










:Examp!e 23 





a 

: rriembrane whibh develops pores when placed in a use environment for 
/ sustained t. .; 

35 :: ' : / Oval-shaped tablets contairiing 75bmg azithromydn fumariate. lOOmg 
; : i: sorbitbj and lOthg magnesium stearate are prepared by cprhpressing a : 
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mixture of the powders on a Carver Press. The tablets are placed In a pan 
coater and coated with a polymer solution containing cellulose acetate 
(Eastman CA 383-40) and poly(ethylene glycol) (PEG 400) in acetone, tb 
which has been added impalpable lactose to give a ratio of CA:PEG:lactose 
5 of 40:40:20 and a total solids content of 50g/l. The coating process is 
continued until the tablets have received the desired amount of coating. 
Coatings equivalent to 10%, 15%, 20%, 25%, and 30% of the tablet weight 
give successive decreases in the rate of azithromycin release. \ 

10 Example 24. 

This example illustrates the preparation of perforated coated tablets 
with a coating of ethylcellulose which deliver azithromycin from a central 

Tablets containing 750mg azithromycin ftimarate and'i00mg\ 
15 hydroxypropylmethylcellulose (Dow Methocel KIOOLV) are prepared by 
compressing a mixture of the powders on a Carver press using a standard 
round die and round flat-faced punches of 1 .3cm diameter. The tablets aris 
coated in a pan coater with a solution containing 10% ethylcellulose (Dow ; 
EC S-1 0) in acetone and ethanol until the applied coating reaches 20% of 
20 the tablet weight. The coated tablets are removed from the coater and further 
dried at 50*'C ovemight. A 2mm hole is then drilled through the center of 
each tablet to yield a sustained release dosage form. 

Example 25. 

25 This example illustrates the preparation of perforated coated tablets 

with a cellulose acetate coating which deliver azithromycin from a central 
•• hole. 

Tablets containing 750mg azithromycin fumarate and lOOmg ; 
hydroxypropylmethylcellulose (Dow Methocel KIOOLV) are prepared by ■': 
30 compressing a mixture of the powders on a Carver press using a standard 
round die and iDund flat-faced punches of 1 .3cm diameter. The tablets are 
^ coated In a pan coater with a solution containing 10% cellulose acetate ; . 
(Eastman 398-10) in acetone until the the applied coaling reaches 20% of 
the tablet weight. The coated tablets are removed from the coater and further 
35 dried at 50°C ovemight. A 2mm hole is then drilled through the center of 
each tablet to yield a sustained release dosage.form. 
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t'H- ^ ; Example 2(S. . 

; This example illustrates the preparation of perforated coated tablets 
: ' - with a cbpbij^meric ethyleneAnnyl acetate coating which deliver azithrdniyciri 
5 from a central hole.; 
:^ ; 750mg azithromycin fumarate and ioomg 

: : hydrbxypropy (Dow Methooei KIOOLV) are prepared by 

v : ' G^mpressjhg a mixture of the powders on a Carver pres^ using a standard 
. round dib and found flat-faced punches of 1.3cm diameter. Thisi tablets are 
10 : :c^^ Irifo ai solution containing 10% ethylene vinyl "acetate , 

(Aldrich Chemical Co.) in methylene chloride. The coated tablets are further 
y dxwdi aX 56°C overnight. A 2mm hole Is then drilled through the center of 

■15 ■ 4 Example 27. V'^ ■■■ 



; ' / Which utilize a geometric approach to linearizing the release of 

■ •:>■:;■; -^azithrbmycln.- 

ffi ^ aire prepared eis in Example 26, except that conical puhches 

^ : ;20 / Sib Used give a fablet increasing in thid^ness from the center outward at 
^ ^^^^^^^^^^^^^^^ ; J a^ completely coatiBd by dipping into a 

'5^^^^^- • :v : .s^ acetate (Eastman CA398-10) In acetone. The 

S ; ■ V ■ {^^ are ailbwed.tb ajr dry, then are dried at SO" overnight. As before, a 
/^^o ^i^^ through the center of the tablet tb yield a sustained- 

;V:;v;25 i -release^ ; < \ . ■ v . ; \ •■ . 

' :-:y^:y'--'':i'/y. ExampleigS: ;. 

; ■ T^^ of hemispherical pellets having a 

■y^ :};}■■, . ihoiiB in the center ipf the flat face. , 
: ; : 30 : ; Azittirpmycin^ dihydrate and polyethyiene (PEP-315, Union Carbide) 

■ ' yyfiawi&t are each paissed through a 60 mesh screen before use. The 
; ' ^ ; : xfbllowirig blends are prepared: \ ■ 
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Azithromycin Polyetliylene 

3g 7g 

4g 6g 

' 5g • ■ 5g' 

•5 ' . . . . 6g ■ 4g • 

Each blend Is prepared by mixing the powders for 5 minutes In a V; 
Turbiila mixer. An aliquot of each blend Is then placed into a metal mold In 
the fonm of a hollow cylinder having a round bottorri. The radjus of cUryaturei 

10 of the bottom of the mold is equal to that of the cylindrical sectloii. (The mold 
is split into two halves along the axis of the cylinder, to allow rembVai of the 
compact) Two different-sized molds are used to yield different doses: A 
mo\6 with radius of 0.5 cm is charged with 260 mg of blend, yielding pellets 
containing 78. 104, 130, 156, and 182 mg of drug, for the blends described 

15 above. A mold with radius of 1 .0 cm is charged with 2100 mg of blend, ; 
yielding pellets containing 630, 840, 1050, 1260. and 1470 mg of drug, for 
the blends described above. The loaded mold is placed in an oven at 15b'*p 
for 30 min. After heating, the blends are compressed in the niold by inserting 
a tight-fitting metal plunger. The plunger is removed and the nriold allowed to 

20 cool for 20 min at room temperature. The mold is disassembled and the 
hemispheric drug-containing pellets are removed and trimmed with a \ 
scalpel to remove any irregular edges. The hemispheric pellets are placed : 
face-down in a dish and covered with molten paraffin. The resulting block of 
paraffin is removed and cut into sections, each section containing one pellet. 

25 The exposed face of each pellet is further coated with molten paraffin. After 
the paraffin coating is solidified, a hole is drilled through the coating in the 
center of the fiat face of the hemisphere. The resulting hemispherical pellets 
: exhibit sustained-release of azithromycin. These pellets are usable as-is^ or 
several pellets can be placed into gelatin capsules to fonri higher-dose units 

30 for dosing to humans or aninials. Four of the 1 cm radius pellets Of this 
example, containing 1 470 mg of azithromycin each, iare placed in a caipsule 
of 2 cm Inside diameter and 4 cm length to make a capsule containing 
5880mg azithromycin! 
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- This example illustrates the preparation of tx^ed cylindrical tablets 
: : OF boluses which deliver azithromycin through slits cut in the periphery of the 
v:l^^;lpoatirig:' ;v r. ,:r y- . ■. : • ■ • > • ■■ 

= 5 ; A blend of azithromycin is prepared vwth 10% HPMC and 2% 
; r^^^ ^^arate and cpmpression-mblded into cylinders oil cm arid 2 

' ; ;cm diamfter. The length of the p/linders is dependent on tlie amount of 
: • ; ; b|eritl chargejd into th^ rnold, as shown in the table below: 

:\r^i^smsSaL arm pf blend amt of azithromycin length : 
10 1 cm 1,g 880 mg I.S cni (approx) 

^ M cnrV^^^ 2jg -1760 mg ; . 2.6cm 
cm' JvBg 2640 mg ' 3.9cm 

■'-■;-2cm-^; --'-;-3'g'- ; 2640 mg • ■• 0.84cm .'■ 

:";\v2cmv?v -;-;;-6;g'.V • 5^80 rng : i.7 cm ; : 

15 2 cm 12 g 10560 mg 3.4 cm 

the q^tinders so prepared are thoroughly coated with ethylcelluiose 
^^^^ - i iP^^ by dipplrig Into a solution of 20% EC in acetonlB and dried 

• ' rat 50*C overnight. A sharp bl^de is then used to cut four equidistant 
^■?; : : i slits, approximately 0.5mm wide, along the periphery of each • 

^ :y':y >^^^^ yield sustained-reilease dosage forms. These larger dosage 

g^^^^^^^^^^^;^ 1 for treatment of animals, especially mminants. 

It ^^^^^ ; can retain the dosage forms in the rurnen for a prolonged period of 



.25 .- - -y'- : -Exampie-3b.-^^^ . • . ;\ . 

: T^^ example illustrates the preparation of adelivery system 
. porous hydrophobic menibrane capsule vinth ah osmotic 

- /"^^ 

V ; cbhnpositibn. 
-^o: -j^^ : is prepared by the 

; ;fo ; :• ' • . 

^y^^^. : i -First giucbse is milled to ia 230 mbsh screen size, the milled glucose 
! with pply(d,l-lactide) (35g, 200,000 avg. mo), wt.) arid the 

V mixture lis blended knd milled. A quantity (i .1 5g) of the resulting particles is 
]35 -then piac^^ d transfer mold where the particles arie molded in the fonm of 
a membrane cup wfth an bjaien end, The dimensions of the merhbrane cup 
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are 2.6 cm in length, with an inside diameter of 0.457cm and a wall 

. thickness of 0.06-0.08cm. The membrane cup is placed in watei' and at ayc 
for 14 days. The water is changed after 37. and 10 days, the nriembrane 
cup is then cleaned with 70% ethanol/30% water, followed by water and 

5 dried under vacuum. 

Next, sodium chloride is milled to 230 mesh. To the milled sodium : 
chloride (6g) is added sodium carboxymethylcellulose (4g), and the mixture 
is blended to produce a uniform osmptically effective composition. The : 
composition Is pressed into osmotically effective tablets at a pressure of : 

10 10001b to produce a lOOmg cylindrical tablet with one flat and one convex 
end. and vnth a diameter of about 0.457cm to conform to the inner shape of 
the membrane cup. 

An inert spacer or piston is formed by combining ultrathene (0.5g) 
and vynathene (0.5g) and placing the mixture in a transfer mold shaped to 

15 provide a piston to fit in the membrane cup. 

The sodium chloride tablet is placed into the hydrophobic membrane 
capsule. The piston is inserted into the capsule on top of the sodium . 
chloride tablet. A dispensable azithromycin compoisition (such as a sluriy of 
azithromycin in poly(ethylene glycol) or another suspending agent) is then 

20 filled on top of the piston. Lastly, the device is sealed with a cap which is 
equipped with a hole for dispensing the drug. When placed in an aqueous 
environment, device imbibes water by osmosis. This osmotic imbibition 
drives the piston, which in turn acts on the azithrbmydn coniiposrtioh, forcing 
it out the hole in the cap at a controlled rate. 

25 

Example 31. 

This example illustrates the preparation of a pH-Dependerit Qoated 
tablet with a Cellulose Acetate Phthalate Coat . 

Azithromycin tablet cores are manufactured according to the forrnula 
30 described in Table 31 -1 . Tablet cores are prepared by wet granulation of all 
tablet ingredients (except magnesium stearate/sodium lauryl sulfate). The ' 
dried granules are blended with the lubricant mixture magnei^um stearate/ 
socBum lauryl sulfate, followed by tableting on a tablet press. Tablet cores 
are then spray-coated with an acetone solution of cellulose acetate > 
.35 phthalate (CAP) in a HCT-60 Hi-Coater® spray-coating apparatus (Freund 
Ind. Corp., tol^o). The CAP is plasticized with 25% (by weight) ; ^ 
, diethylphthatate {DEP}. Sufficient CAP is sprayed onto the tablets to result; 
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m 



in a finarcpatllng polymer ^ after drying, of 20 wt%, relative to the 
weigfrt df the 



Table 31-1 : 
/Azithromycin Tablet Coris Formulation 



COMPONENT 


WEIGHT (MGA-ABLET) 


Azithromvcih dlhvdraie* 


. ; 524.10 


Preaelatirilzed starch** 


54.00 


Calcium DhosDhate dibasic, anhydrous 


277.68 


Sodium croscarmeilose# 




Magnesium steaiate/Sodium lauryi 
sulfate (90/10) 


26.22 


TOTAL 


900 



-Stiarch 1500 -'. 

10 v; Ac-Di-sbi;(F^ 

\:; Examplft flg. : . ■":■■' '/'.■ ■ ''■■ '■ ; •; 

s^.^^ T^ the preparation of a pH-Depeindent CAP- 

C6at4d Taiblet with Bamer Coal, 
is : Azithromycin tablets are mamufa^^ Example 31. 

Tablets are spray coated with a solution of hydroxyprdpylmethylcellulose 
(HPMC; Coiorconi Inc.) in water, using a HCT-6d Hl-Coater. In this manner, 
, : tat>lete a^^^^ coated with a 5 wt% banrier coat of HPMC. relative to the Initial 
: : tablet weight. Tablets are then further spray-coated with cellulose acetate 
20 . phtiialate (CAP) and pEP plastldzer (as described In Example 31), in the 

V HCT-eo Hi-Cbater. Sufficient CAP is sprsr/ed onto the tablets to result in a 
; r ; iinal cqatirig polymer weight, after drying , of 2d vvt%, relative to the weight of 
J - y the uhcoated tablet. . 
; ■ azithr^ and the pH-senshive CAP coat. This barrier coat prevents 
25 ;prern^^ dissolution (or weakening) of the CAP coat, e.g., in the low pH 
■ enyirbni^^ potientiaHy caused by a locally high pH in the . 



• I. 
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Example 33n 

This example illustrates the preparation of a pH-Dependent Coated 
Tablet with an Acrylic Resin Coat. 

Azithromycin tablets are manufactured according to Example 31. 

5 tablets are then spray-coated with an acrylic resin in* an HCT-60 Hi- 
Coater® spray-coating apparatus (Freund Ind. Corp., Tpl^o). The resin 
consists of a 1:1 (w/vv) mixture of Eudragit-L® and Eudragit-S®, which are 
methacrylic acid/methyl methacrylate copolymers, available from the 
RohmPhamia Corporation (Darmstadt, Gennany). TTie formula for the spray 

10 coating Solution is given In Table 33-1. The Eudragit-L/S Primary Layer 
coating formulation is sprayed on the tablets in the Hi-Coater, follpwed t>y 
spray-coating with the Covering Layer formulation. The total coatinjg 
polymer weight appilied is 15% of the weight of the uncoated tablet bed. 

15 Table 33-1. 

Eudragit® Spiray-Coating Formulation for Tablets 



PRIMARY LAYER 


PARTS BY WEIGHT 


1 :1 Eudragit -L/S 12.5% soln. 


2000 


Dibutylphthalate 


25 


Talc 


50 


Isopropyl alcohol/acetone 


to 4000 


COVERING Layer (colored) 




1 :1 Eudragit-L/S 1 2.5% soln. 


1200 


Talc 


140 


Magnesium stearate 


40 


Titanium dioxide 


: 50 


Pigment 


50 


PEG-6000 


20 ■ 


Water 


40 


Isopropyl alcohol/acetone 


to 3000 



Example 34. 

.20 This example illustrates the priBparatibn of a pH-Dependent Acry|ic 

Resin-Coated Tablet with Banier Coat. 
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; Tablets are spray coated with a solution of hydroxypropylmethyloellulose 
r ; (HPM Ino.) In water, using a HCT-60 Hi-Coater. In this manner, 

: : iabiets are coated with a 5 wt% barrier coiat of HPMC, relative to the initial 
5 tablet weight, tiblets are then spray-coated with an acryljc resin in an 

- H spray-coaiting apparatus (Freuhd Industries Corp, 

^^^^^^^^^^V T^^ a i :i (w/w) rnixture of Eiidragh-L® and 

: ; Eu^ methaciylic acid/methyi nrieithacrylate copolymers, : 

provided l)y the RdhmPhanna Corporation (Darmstadt, Genmany); TTie 
10 : formula for the spr^y c^ solutiori is given in Table 33-1. The Eudragit- 

; fbrmulatioh is sprayed on the tablets in the Hi- 

\ CoaJe^ followed by spray-<X)ating With the Covering Layer fonmulatiorii The 

; t^^^ acrylic resin polyrher waight applied is 15% of the weight of the 
iincoated t^let t)ed: The HPMC undercoat serves as a tianier between 
15 ; azithro^ This banier coat ' 

; preiverite (or weakening) of the acrylic resin coat, e.g., 

; in the low pH erivironmeht of the stbmach, potentially ciau^ed by a locally 

C 1^^^^^ interior due to the pi-eisence of azithromycin. 

y r Example 35/ V ^ 



.20;; 

;^ ^a^ 

Azithrornydn tablets are manufactured according to Example 31. 
; 1'ablets are spray coated with an aqueous mixture of ethylcelluiose (EC) 
/ ' (^ Cplorooh Inc.) and hydroxypropylmethylcellulose (HPMC) 

25 ; (Op^dry®; Qolbrcion Inc.) at 70/30 EC/HPMC. using a HCT-SO Hi-Coater®. 
; ; a 5 wt% coai ofEC/HPMC, relative to 

; ; the Ini^^^ Tablets are then spray-boated with an acrylic resin 

^ ; in an HCT-W apparatus (Freund Industries Corp., 

; The resin consists of a 1 :1 (wAv) rhixture of Eudragit-L® an^ 

30 ■ Eudraglt-S® methacrylic acid/methyl methacrylate copplyniers, 

y :: iayailajsle from RdhniPharma Corpbratiph (Dannstadt, Germany). The ; 

: Jdrm for the spray coating solution is given in table 33-1 . The Eudrsigit- 
^; : >^ is sprayed on the tablets in the Hi- 

35 : 'tbtia] Acrylic i^sih coating polymer weight applied is 10% of the weight of the 
■.runQoated'.tabietbed. • ' 
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; Exampig 3g- 

This example illustrates the preparation of pH-bependerit Coated 
■ Beads. 

5 Azithromycin beads are prepared as follows. Azithromycin, 

microcrystalline cellulose, and water (according to the formula in Table 36- 
1 ) are mixed in a Hobart mixer to fonrn a paste. The paste is extruded into 
strands and spheronlzed, using a Fuji-Paudal extruder/spheronizer, forming 
small beads (about 1 mm diam), which are subsequently dried. ..The beads 

10 are subsequently spray-coated with an acrylic resin in a Glatt GPCG-1 Fluid 
Bed Processor. The resin consists of a 1 :1 (w/w) mixture of Eudragit-L® and 
Eudragit-S®, which are methacrylic acid/methyl methacrylaie copolymers, 
provided by the RphmPharma CoriDoratlon (Danmstadt, Germany). The 
formula for the coating solutions is presented In Table 33-1 . The Eiidragit- 

15 US Primary Layer coating fonmulation is sprayed on the beads in the fluid 
bed processor, followed by spray-coating with the Covering Layer 
formulation. The total coating polymer weight applied is 25% of the weight 
of the uncoated bead bed. 

20. Table 36-1. 

Formula for Azithromycin beads of Example 36. 



Component 


: mg/g 


Azithromycin di hydrate* 


951.61 


Microcrystalline cellulose** 


48.39 -r;: 


Water* 


270.00 


TOTAL 


1i000.00 



* Bulk potency 93.0%. 
** Avicel PH101 

25 # Volatile, substantially removed from final dosage form. 

Example 37. _ : • . y:' 

This example Illustrates. the preparation of pH-Dependient^^ 
. Beads with an HPMC Banier Coating. 



.0.. 
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.■85;. . 

; ; ; Azithrorhycin/miprocrystalline cellulose beacis were prepared as in 
Example 36. In a Gl^ GPCG-1 Fluid Bed Processor, these beads are 
coated with an aquebus solution of HPMC (Opadry®, Cblorcon. Inc.)^ the 



5 bliads. The HPMC-Goated'azithrbrTiycin beads are then coated with a 25% 
; (by weight) 6osA of acrylic resin as described in Example 36. The HPMC 
/: ^ underddat serves as a bairrier between azithrpmycin and the pH-siehsitive : 
acrylic resih qoaf. This barrier coat prevents premature dissolution (or 
: weakem acrylic r^sin coat, e.g^ in the low pH environment of the 

10 ; stomkchvp6teritial|y cauS^^ a locally high pH in the tablet interior due to 
the priBsenbe of azithromycin. 



